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Ni DAONELLA IN JAPAN* 
By 
Teiichi KOBAYASHI and Akira TOKUYAMA 


With I—IV Plates 


I. Introductory Note 


This is a companion paper with ‘f Halobiae in Nippon” by Aotr and the 
senior author in 1943 and consists of the following 4 parts: 
1. Daonella from Zohoin in Sakawa basin 
2. Daonella in the Japan Province 
3. Note on the Distribution of Daonella 
4. Description of Daonella in Japan 
The genus is represented in the Triassic of Japan by 15 species in addition 
to 2 subspecies, including 5 new species and 2 new subspecies, with which 5 in 
8 groups of Kirtv’s classification are represented. They are distributed in the 


Rifu, Zohoin and Atsu series, but each has its own assemblage of species. There- 
fore 3 zones can be distinguished as follows: 
3. Daonella yoshimurai zone in the Ladino-Carnic Atsu series 
2. Daonella subquadrata zone in the upper Ladinic Zohoin series 
1. Daonella multistriata zone in the lower Ladinic-upper Anisic Rifu series 
Daonella as a genus was most flourished in the Alpine or Tethyan geosyn- 
cline in the Ladinic epoch. While 2 species of the Rifu series are closely related 
to D. americana and SmitH’s D. moussoni, most others of the two other species 
show affinities with the Alpine and Tethyan species. Most species of Daonella so 
far reported from Ussuri have close relatives in Japan. 
A brief note is added to the end of this monograph to supplement to Halo- 
biae in Nippon. 


Il. Daonella from Zohoin in Sakawa basin 


Zohoin in Sakawa basin, Kochi Pref. (Prov. Tosa) is the most famous locality 
of Daonella in Japan known from the cradle of her geologic research. Moyjsiso- 
vics (1888) was the first to describe Daonella of two new species, kotoi and sa- 
kawana, from this locality. Subsequently, studies on Daonella of Zohoin were 
repeated by Kirti, 1912, Diener, 1915, Yase and Surizu, 1927 and the senior 
author, 1931. In the study on the Rifu fauna, Yase and Surmizu (1927) classifi- 
ed the Daonella from Zohoin into 3 species and 2 varieties, where Daonella kotoi 
var. alta, Daonella densisulcata and its variety subquadrata were new. They cor- 
related the Daonella bed of Zohoin with the upper Daonella bed of Rifu, Prov. 
Rikuzen (Miyagi Pref.) because densisulcata was common between them. Surmizu 
(1930) reported the occurrence of Protrachyceras aff. archelaus (LAUBE) and This- 
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bites orientalis Surmizu in the series, where the former species is well known as 
an upper Ladinic zone index. This agrees with the chronology that the senior au- 
thor (1931) reached by his preliminary study. At that time he distinguished the 
Zohoin collection into 4 species and 4 varieties including Daonella indica and 3 
new varieties. In 1927 YeHARA proposed Zohoin series for the Middle Triassic 
formation of the Sakawa basin. Later however, it was found that his Zohoin 
series includes much of the Permian. Therefore the senior author (1931) restricted 
the usage of the Zohoin series to the Daonella bed. 

It is composed mainly of dark gray or black mudstone beside some sandstone 
intercalations. Its type locality is a small narrow low hill adjacently to the east 
of Sakawa town. Almost all fossils collected at this locality belong to Daonella. 
Pseudomonotis ochotica was reported therefrom by Mojsisovics erraneously, as noted 
by Diener, YABE and Surimizu and the senior author, because ochotica has never 
been actually procured from Zohoin, notwithstanding the fact that innumerable 
collectors have visited there. ‘‘ Gervillia’? anda few ammonites may be all other 
fossils so far known from Zohoin. 

The Zohoin collection which was accumulated in this institute by Prof. B. 
Koro and many others is a large one comprising various forms and constitutes 
the main objects of this study. Naturally they must be brought into comparison 
with Daonella from Rifu and other localities. In 1940 Prof. Hanzawa invited 
the senior author to Sendai to give a lecture on the Geology of Eastern Asia. 
During this stay he could make a study on YasBe and Surmizu’s types from Rifu 
and Zohoin. Furthermore he was fortunate to have happy opportunities to study 
many originals of Smitu, Mojstsovics and others at his visit to Washington D.C., 
Wien and Bonn during the years from 1931 to 1934. On this occasion the author 
wishes to record his sincere thanks to Dr. R.S. BassLer of the U.S. National 
Museum, the late Dr. John B. ReesipeE of the U.S. Geological Survey, the late Prof. 
J. Pra of the Naturhistorishes Museum zu Wien, the late Prof. J. WANNER 
of the Universitat zu Bonn and Prof. S. Hanzawa of the Tohoku University at 
Sendai. 

In 1943 when the senior author has published Halobiae in Nippon with Aott, 
it was his plan to take up Daonella in Japan in the next step. It was soon at- 
tempted with Huxasawa and then with Isuu. Interrupted by other works how- 
ever, the material was left untouched for more than ten years. Recently he 
resumed it with assistance of the junior author. 

As the result 11 species and 2 subspecies are distinguished and referred to 
Kirtv’s groups as follows: 


2nd group of moussoni 
Daonella tenuistriata KOBAYASHI & TOKUYAMA, new species 


3rd _ group of tyrolensis 
Daonella alta YABE & SHIMIZU 
Daonella indica BITTNER 
Daonella cfr. spitiensis BITTNER 
Daonella iwayai KOBAYASHI & TOKUYAMA, new species 
Daonella kotoi MOISISOVICS 
Daonella sakawana MOJSISOVICS 
4th group of sturi-lommeli (?) 
Daonella subquadrata YABE & SHIMIZU 
Daonella subquadrta zohoinensis KOBAYASHI & TOKUYAMA, new subspecies 
Daonella subquadrata symmetrica KOBAYASHI & TOKUYAMA, new subspecies 
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5th group of grabensis 
Daonella pectinoides KOBAYASHI & TOKUYAMA, new species 
6th group of pichleri 
Daonella asymmetrica KOBAYASHI & TOKUYAMA, new species 
Daonella hiratai KOBAYASHI & TOKUYAMA 

In this collection subquadrata (inclusive of 2 subspecies) is most abundant 
and indica and koto. are the next. The other species are rare. Systematically, 
they are included in Kirtt’s 2nd to 6th groups. D. tenuistriata is aberrant and 
not typical of the second group but more or less related to the third group. D. 
alta is typical of the third group which comprises many relatives in the Tethys 
fauna. Indica is widely distributed in the Tethys-Asiatic region in the upper 
Ladinic to the lower Carnic. In Portuguese Timor it occurs in the reitzi- or 
lommeli-zone of the autochthonous Trias, and in the Trias of the Deckencomplex 
it coexists with D. aff. kittli (WANNER, 1956). In the Himalayas, it is stated by 
Diener (1912) that ‘“‘there is no distinct stratigraphical horizon characterized by 
the presence of Daonella indica, as had been suggested by Bittner.” ‘There the 
zndica-horizon overlies the archelaus-zone and indica is sometimes collected from 
the lower Carnic. In the Alps, it is found most often in the Esino and Mar- 
molata stages and sometimes in the Cassian stage or aon-zone (KiTt1, 1912). 
Spitiensis is a member of the indica-group in the lower part of the zone in Spiti. 
Iwayai is related to arzelensis Kitt. from the upper Ladinic Wettersteinkalk stage 
of Innsbruck and cfr. bulogensis by KrumBeck from Timor. Therefore this is 
also of the Tethys-Asiatic fauna. Kotoi and sakawana are, though not typical 
of this group, allied to some inequilateral forms of the group such as &ittli, 
latecosta and tripartita. The ‘‘ Formenkreis” of subquadrata to which lilintana is 
included, is distributed in Indonesia, Timor, and the Himarayas. The pichleri 
group, to which asymmetrica and hiratai is included, is also distributed widely 
in the Tethys-Asiatic regions. While pichleri is found commonly in the Alps, 
KrumMBECK described its subspecies from Timor. A very unusual form is hiratai 
but its ally is found in Vorz’s Sumatra-fauna. Finally, pectinoides is a relative 
of zellensis which is a common Tethys member. 

In short all Zohoin species of Daonella but the first are comparable with 
Tethys and Asiatic species. Subquadrata, indica and spitiensis are all common 
Asiatic members, while alta and pectinoides are relatives of Tethys elements and 
the pichleri group has more species in Tethys than Asia. The Alpine relatives 
suggest upper Ladinic for the Zohoin series. The ¢tyrolensis group is distributed in 
the Esino stage or the lower archelaus zone. Indica ranges from the Buchenstein 
stage or the reitzi zone to the Cassian stage. Pichleri found in the Wengen stage 
or the upper archelaus zone, and the group of zellensis occurs in the Cassian stage. 
Therefore, ignoring the aberrant forms, the Zohoin fauna can be safely correlated 
with the Ladinic ones in the Alps. 

The Zohoin specimens of Daonella are all internal and external moulds. 
Because the test is gone, its thickness is actually immeasurable. It can be pre- 
sumed, however, that the shell was not thick, because the difference of ribbing 
between the two moulds is inconcievable. 

Two valves of Daonella hiratai are wide open but still united. There are a 
few other examples of such preservation. All others are, however, separate 
valves. Nevertheless their outlines are generally undamaged. Because the hinge 
and muscles are poor in Daonella, two valves are easily separable from each 
other. Detached valves are scattered or crowded on slabs, but they are never 
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so much accumulated as can be called a shell bank. The shells often lie with 
their convex side above, but the reverse orientation is not rare. It is noted on 
some slabs that umbones are directed to a certain similar direction. It is re- 
markable also that some slabs contain only small shells. As a tendency small 
shells may be said rare or very uncommon where large and medium sized ones 
are found abundant. The small shells which are not far removed from the Posi- 
donia-like stage are not dwarfs, but immature shells. Then, what does the dif- 
ference in the shell size of the crowd mean? Does it have something to do with 
the hatching season? It is probable also that mature and immature shells were 
sorted by wave of current. 

At all events the Zohoin fauna is an interesting example of overwhelming 
majority of a certain genus in a small fauna. Its number of the known genera is 
reduced to 2, if the ammonites are exotic floats. Daonella is rich not only in 
number of individuals but also in the number of species and subspecies. It is 
indeed an extraordinary profusion to find 12 species of Daonella in addition to 
2 subspecies at one locality. It must not be overlooked, however, that the ma- 
jority of Daonella belongs to 3 species, or precisely speaking, more than a half or 
approximately 3/5 to subquadrata and its two subspecies, about a quarter or a 
fifth to kotoi and a fifth or so to indica plus cfr. spitiensis. In the remaining 7 
species 6 are each represented by a single specimen. This sensus shows that 
more than 95% of the Zohoin fauna are occupied by 3 species of Daonella. Their 
prosperity means that the muddy bottom of Zohoin in the Ladinic sea has been 
particularly favourable for them. 

The occurrences of these species are restricted to Shikoku island or the Sa- 
kawa basin, except for D. indica which is widely distributed from the Alps to 
Japan through the Himalayas and South China and D. spitiensis known from 
Spiti. Compared to the large forms of indica in the calcareous facies the Japanese 
examples of the species are smaller. D. spitiensis is also a little larger than D. 
cfr. spitiensis. Mature shells of the other Zohoin species seem to be near the 
average size of Daonella. 

Because these shells are thin but undamaged, their habitat is inferred to have 
had a tranquil bottom of moderate depth, although it was agitated by current or 
had waves at least temporarily, seeing that two valves are mostly separated from 
each other and many shells take stable orientation. In many characteristics 
the Daonella bed of Zohoin resembles the so-called Posidonienschiefer. 

The shells of Daonella are nearly flat except the umbonal region which is a 
little inflated. It is difficult to say about the original convexity, because it is 
indeterminable how far the shell was depressed secondarily. However, it is note- 
worthy that the shells are mostly flattened without yielding any visible cracks. 
This is probably because thin shells were flattened extremely slowly by com- 
paction of mother rock. There are of course some cracks which were probably 
products by deformation of mother rock. The secondary deformation of the shell 
outline varies to some degrees among the specimens. In an immature specimen 
of subquadrata two valves are nearly identical in outline, but it is quite obvious 
in the holotype of hiratai that its two valves are diagonally compressed to some 
extent. There is, however, no specimen from Zohoin which is so strongly de- 
formed that its specific identification is made impossible. 


Ill. Daonella in the Japan Province 
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In Japan Daonella occurs in the Zohoin series in Kochi and Tokushima Pref. 
(Prov. Tosa and Awa), the Atsu series in Yamaguchi Pref. (Prov. Nagato), the 
Rifu series in Miyagi Pref. (Prov. Rikuzen) and probably its equivalent in Kyo- 
to Pref. (Prov. Tamba). Recently Nakazawa (1958) reported Daonella (?) sp. 
with Nuculana sp. and Monophyllites cfr. sphaerophyllus from the top of the Oro 
formation in Kyoto Pref. It was however, too fragmentary to make an exact 
determination. 

Previously the senior author (1931) has described Daonella cfr. kotoi var. alta 
and several other fossils from the Sambosan limestone at Sambosan, Kami-gun, 
Kochi Pref. and suggested Ladino-Carnic age for this fauna. Because of imper- 
fect preservation, however, the reference to Daonella cannot be warranted. Lately 
the junior author (1957) found that Rhynchonella sambosanensis belongs to Hol- 
corhynchia whose range is Carnic to Dogger. Therefore he suggested Carnic for 
the age of the limestone. It seems then probable that the Daonella in question 
is a Halobia. 

Beside Zohoin Daonella occurs in the Zohoin series at Okazaki-goe adjacently 
west of Sakawa town and Yokoyama-dani to the northeast of Zohoin. The strip 
of the series extends farther to the east into Ino area from the basin. There 
Hirata (1939) discovered three localities, i.e. (1) west of Okuna, (2) between 
Okuna and Kuroiwa-dani and (3) Kuroiwa-dani to which (4) Koretomo between 
Ino and a locality at Konai was later added by YaMAMoTo, Oxumura and NI- 
SHIMURA (1941). 

The Daonella-bearing rocks at these 4 localities of Ino area as well as at 
Okazaki-goe are similarly fine yellowish slabs altered from the black shale of the 
Zohoin type, but somewhat finer than the typical Zohoin specimens. It is a 
remarkable fact that most shells are small and undamaged. The Posidonia-like 
stage is often seen in the umbonal region of about 1mm or less. The immature 
shells are commonly 5 to 10mm long, but a complete specimen attains the length 
of 2cm. This collection comprises only a few large but imperfect ones. Frag- 
ments of large shells are, however, not rare. These shells and fragments are 
gregarious on bedding planes. This aspect combined with the fact that there 
is no example of two valves united suggests the effect of sorting of some strength 
for the gregarious occurrence of the shells. ‘‘ Natica” sp. and ‘‘ Dentalium” sp. 
are reported as two associates with Daonella in Ino area. 

As most shells are either immature or imperfect, their taxonomy cannot be 
very accurate. Most of them are, however, identifiable with indica, kotoi and sub- 
quadrata zohoinensis where indica is characterized by high outline, kotoi by round- 
ed and diagonally prolonged outline and flattened wide ribs and subquadrata 
zohoinensis by the fairly developed Posidonia-like stage, diagonally elongated out- 
line and numerous ribs. Beside them there is a common form which is an un- 
named variety of koto: having flat trifurcated ribs in the median part. 

Stimulated by the find of Daonella and other Mesozoic fossils in Tokushima 
Pref. by Surnouara (1941), the senior author carried out the geological survey 
with Iwaya (1941) with the result that the highly complicated imbrication of 
Sakuradani was brought to light. On this occasion Daonella was found at Usu- 
gatani, Fujinohira, Gorodani and Junisha in the Zohoin series of the Fujinohira 
Decke. Later Hrrata (1950) found Daonella at Semidani in the western exten- 
sion of the series, while Suyarr (1958) discovered Daonella in a mudstone at Ku- 
magatani, Tomioka-town which is most eastern locality of the series in Shikoku 
island. YaMaAsuiTa and others (1956) proposed ‘‘ Usugatani formation” for the 
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Daonella bed in Tokushima Prefecture, but it is a superfluours name because there 
is no question about its synonymy with the Zohoin series. 

In comparison with yellowish slabs of Ino the Daonella shale of Sakuradani 
area is more coarse grained and its colour dark grey or black. The most common 
member is indica, followed by subquadrata and subquadrata symmetrica. Kotoi is 
common in Sakuradani as well as in Ino area; pectinoides is a rare species in Zo- 
hoin; but common in Sakuradani. Trachyceras (Protrachyceras?) 2 spp. are re- 
ported from Junisha and Inotani on the opposite side of Fujinohira and Ptychites (?) 
from Gorodani, but none of them is as yet described. 

In Sakawa-Ino area the Zohoin series lies on the Permian or the Permo- 
Triassic on the south side. It forms an arcuate strip delimited by a thrust from 
the northern zone where the Permian formation and the Upper Triassic Kochi- 
gatani series exist. Likewise in Sakuradani area the Fujinohira Decke which 
bears the Zohoin series is thrust from the north by the low angled Hisone Decke 
where the Kochigatani is found. The northerly lapping of the Kochigatani over 
the Zohoin series is noteworthy because it reveals the regression which has taken 
place in the peri-orogenic zone of the Akiyoshi mountains in the late Ladinic 
epoch. 

In the inner zone of West Japan the senior author (1935) has described 
Daonella yoshimurai from the Atsu series at Shirogahara, Mine city, Yamaguchi 
Pref. It has several wide, weak, flat-topped ribs only in the median part and 
undoubtedly belongs to Kitti’s moussoni group. Recently the junior author 
added 2 species of Halobia and one of Oxytoma, all new (1959). The Daonella 
horizon lying conformably below the lower Carnic Hirabara formation is in the 
upper part of the Atsu series. Therefore its age is generally accepted to be 
latest Ladinic, if not earliest Carnic. 

In North Japan the occurrence of Daonella was first reported by Yaxse from 
Rifu, north of Sendai, Miyagi Pref. Later Yase and Shimizu (1927) divided the 
Rifu series into the upper and lower Daonella beds and subdivided the lower 
one into the upper or Monophyllites zone and the lower or Ptychites zone. The 
Rifu fauna is a rich one comprising 25 forms in Spiriferina, Myoconcha, Pleuro- 
nautilus, Gymnotoceras, Hollandites, Beyrichites and other Molluscan genera which 
are related partly to the Middle Triassic of Himaraya and partly to the fauna 
of the Star Peak formation of the Daonella dubia zone of Nevada. Daonella kotoi 
var. multistriata and Daonella densisulcata were described from the upper Daonella 
bed and the Monophyllites zone, but no Daonella is contained in the Ptychites 
zone. YABE and Suimizu considered the fauna to be Ladinic in age and cor- 
related the upper Daonella bed to the Zohoin series, because D. densisulcata oc- 
curs also at Zohoin. Their D. densisulcata of Zohoin, however, is D. subquadrata 
subsp. zohoinensis. Because there is no species of Daonella common between the 
Zohoin and Rifu series and because the Rifu fauna reveals affinities with the 
Anisic ones, the Rifu fauna is a little older than the Zohoin and probably Ladino- 
Anisic. According to Nakazawa and IcniKawa (1951) the structure exposed at 
the cutting of Rifu is a monocline, instead of an anticline as understood by YABE 
and Surmizu. Accordingly the above zonation becomes doubtful. Recently BaNpo 
(1958) found Protrachyceras cfr. reitzi in addition to Ptychites, Tropogastrites, 
Gymunites, Megalodus and others and located the Rifu series at lower Ladinic. 
The two Rifu species of Daonella are Closely related to D. americana and SMITH’s 
moussoni and specifically distinct from any of the Zohoin and Atsu series. This 
conclusion matches with the general aspect of ammonites which appears most 
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related to that of the dubia zone which is in turn considered Anisic by MULLER 
(1939), although P. cfr. reitzi is contained as ons of a few allies to the Alpine or 
Tethys fauna. Therefore it is more reasonable to extend the range of Rifu from 
lower Ladinic to upper Anisic than to restrict to lower Ladinic. The Rifu 
series is exposed at a few places beneath Neogene blanket. Its stratigraphic re- 
lation to the Anisic Hollandites beds of the Inai series in the southern Kitakami 
mountains is indeterminable. 

As discussed already, the Zohoin fauna is a correlative of the upper Ladinic 
archelaus zone or lommeli zone. Daonellae of the Zohoin series comprise several 
close relatives of the Tethyan species beside indica which was wide spread from 
the Alps to Japan through the Himaraya, South China and Indonesia. The 
stratigraphic relation of this series to the Kochigatani is also yet unsolved, be- 
cause they are distributed in different*tectonic belts. 

In Yamaguchi Pref. the Mine series overlies the Atsu and overlapping the 
latter, the former extends toward the north. The two series yield no ammonites, 
but the age of the Mine series can be determined by Halobia and other pelecypods 
(KosayasHut & Aoti, 1943, Toxuyama, 1959). 

As discussed above, three Daonella zones are distinguished in Japan, where 
the middle one reveals the acmic prominence. The yoshimurai zone where Dao- 
nella and Halobia are coexistent is transition from the Daonella to the Halobia 
epoch in Japan. 

IcHikawa proposed Matsushiman for the Rifu fauna, while he combined the 
Zohoin and Atsu faunas in his Fujinohiran, notwithstanding the fact that no 
species is common between the Zohoin and Atsu faunas. By this reason the 
senior author emphasized that they are two distinct units. In agreement with 
this opinion, Nakazawa segregated the latter part out of the Fujinohiran for 
which he proposed Arakuran, in taking the Arakura formation in Kyoto Pref. 
for the type and referring the Atsu series to it. There is, however, no fossil 
common between the Atsu and Arakura formations. The three Daonella zones 
and their ages are as follows: 

Daonella yoshimurai zone——Ladino-Carnic Atsu series 

Daonella subquadrata zone——Upper Ladinic Zohoin series 

Daonella multistriata zone——Lower Ladinic to Upper Anisic Rifu series. 
The two species of Daonella of the lower zone are related to the North Ameri- 
can ones whereas the Tethyan affinity is distinct in the Daonella of the middle 
zone. D. yoshimurai is also allied to the Alpine D. paucicostata. 

Finally, Ussuriland belongs to the same province with Japan, insofar as Dao- 
nella is concerned. According to Krysrorovicy (1926), it occurs in the Middle 
Triassic shale at Lianchiho. According to WitTTENBURG (1927) the black mono- 
tonous shale, 150m thick, at Lan-tschi-che lies on the tuffaceous marine Permian 
and is overlain by the Jurassic quartzose sandstone. It yields Daonella kotoi, 
Daonella sakawana and Lingula sp. Hence the Daonella shale is equivalent to the 
Zohoin series. It is certainly remarkable that this series is isolated from either 
the older or the younger Triassic formation in Ussuri as in Japan. According to 
Kiparisova (1954) the Ladinic bed of the Maritime Province yields Daonella 
densisulcata, D. ‘“‘moussoni’’ and Posidonia wengensis beside Trachyceras aff. furcatum, 
Gymnotoceras sp. and Xenodiscus (Xenaspis) aff. middlemissi. Her moussoni (pl. 18, 
figs. 5,6) appears to agree with the tyrolensis-group better than the moussoni- 
group, because ribs are regular and distinct through the valve. It may be re- 
lated to indica and allies. The Ladinic, 400 to 800m thick in the Far East, is 
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composed mainly of well stratified siltstone to which light coloured quartzose 
sandstone is added (BeLiAEvsKy et al., 1958). The siltstone contains Daonella 
densisulcaia and D. moussoni abundantly, beside Protrachyceras, Gsymnotoceras and 
Ptychites in rare instances. It can hardly be overlooked that the Ladinic fauna 
of Ussuri is intimately related to the Rifu and Zohoin faunas in Japan. 

In conclusion the authors express their cordial gratitudes to Messrs Kagetoshi 
Hasumoro and Shigeru Hirata for supply of fossils in their collections. 


IV. Note on the Distribution of Daonella 


A great variety of Daonella is known from the Alpine-Tethyan geosyncline, 
while only 2 species occur from the ‘‘Binnensee” facies of the German Trias. 
These two species* of the Muschelkalk are according to Tornouist (1901) related 
to the Boreal and Californian fauna. In the Ladinic stage limestone and dolomite 
are extensive in the Alpine facies, whereas clastic sediments are predominant in 
the Himarayas and South China. 

With Diener and Kutassy’s Catalogues it is known that some 14 Anisic, 35 
Ladinic, 3 Carnic and 2 Noric species of Daonella occur in the Alps. In the 
East Alps is the Hallstatt facies whence 19 species of Posidonia but only 3 Dao- 
nella were reported by Mojsisovics (1874). All of them were collected from the 
Carnic and Noric stages. In Aussee region near Salzburg the lower Carnic 
limestone bears D. proboscidea and D. teltchenensis beside 15 Halobia. D. imperialis 
is coexistent with 13 Halobia and 3 Monotis in the grey Noric limestone of Ischlana. 
Imperialis and gosaviensis are the only Noric Daonella in the East Alps. A light 
grey limestone of the Buchenstein stage in the Seewiesen region near Aflenz yields 
moussoni and its allies. In north Tyrol the Wengen horizon contains tyrolensis, 
indica and several other species of Daonella. 

From the South Alps are reported 8 Anisic, 13 Ladinic and | Carnic species. 
The Daonella bed of the Buchenstein stage is represented by the tarmelii zone 
in the upper part where calcareous shales are intercalated in dark or black platy 
limestones. The lommeli bed lies in black or brownish grey sandy platy shale of 
the lower Wengen stage. The Cassian stage containing Aittli, is represented by 
clayey, marly and calcareous sediments in addition to impure limestone and 
oolite layers. 

In Lombardia the Daonella bed lies in the upper Esino-limestone which is 
composed of lommeli-bearing platy limestone. Satomon (1895) described lommeli, 
esinensis and parthanensis from the Wengen stage of the Marmolata limestone. 
In south Tyrol several Daonella are contained in black marly Muschelkalk of 
of the Buchenstein stage. The Wengen stage of Wengen is indicated by lommeli 
and 3 Posidonia. The Cassian stage yields hittli, richthofeni and H. fluxa. 

In Hungaria the Buchenstein stage or the reitzi zone is represented by the 
siliceous yellow limestone with intercalation of marl and contains 4 Daonella 
and 1 Posidonia. ‘The Wengen or the tridentinus stage contains 10 Daonella ubi- 
quitously. It is characterized by hard, red chert-bearing beds, passing upward 
into light violet marl and chert nodule-bearing light red limestone. Where chert 
nodule is absent, the red limestone looks like Hallstatt facies and contains cepha- 


i, For TORNQUIST’s D. bergeri KITTL (1912) proposed a new genus D/pleurites on the 
basis of two internal thickenings which run below umbo and are divided posteriorly. According 
to ICHIKAWA (1958) the thickenings are, however, not original but produced by the secondary 
modification, and he considers it a synonym of Daonella. 
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lopods. In Balaton lake distirict Krrri (1912) recognized 5 Daonella horizons 
in the Wengen stage above the tarmelii zone. They are pichleri-bulogensis, loczyi, 
tripartita-indica, lommeli-Posidonia wengensis and reticulata beds in ascending 
order. Several species of Daonella beside Halobia occur still higher in brownish 
limestone of the Cassian equivalent and an additional species of Daonella occurs 
in the white limestone of the Raibl equivalent. 

In the Balkan Peninsula 5 Daonella are reported from the lommeli-zone or 
the Wengen stage of South Dalmatia where Daonella beds are represented by 
calcareous or sandy shale in tuff and tuffaceous sandstone (ARTHABAR, 1915)- 
D. cfr. parthanensis and D. cfr. kittli are the Cassian elements in the dark shale. 
In the superjacent formation tuffaceous sediments are replaced by cherty rocks, 
where sfyrica and others occur. In Bosnia the lower Ladinic stage is built up by 
red noduliferous limestone, in the middle part of which melaphyre tuff and 
tuffaceous sandstone containing Jommeli are intercalated; marl and platy lime- 
stone with pichleri is found in the upper. Carnic styrica is known from the red 
Hallstatt facies of its middle part. In Greece kittli is known in the platy lime- 
stone and chert, and styrica in the cherty facies (RENz, 1906). As DIENER (1915) 
stated, the Alpine Ladinic on the whole is characterized by limestone and 
dolomite complex. 

A few Daonella are known from Afganistan and Jordan Valley (Cox, 1924). 
In the Himalaya the Ladinic black limestone with shales yields lommeli, indica 
and sfitiensis. 

In Yunnan yellowish or greenish sandstone and shale in alternations are 
superior to bituminous or muddy limestone. These rocks yield one species of 
Daonella and 4 of Halobia besides several other pelecypods and cephalopods. 
Daonellae are known from Kweichow, Kwangsi and Hunan (Compilalation 
Committee etc., 1958). Light coloured muddy or shaly deposits are developed in 
west Kweichow and grey limestone, 10-20m thick in the lower part, yields 3 
species of Daonella, 4 of Halobia, 1 of Posidonia, Protrachyceras cfr. archelaus, 
other cephalopods, brachiopods and crinoids. In west Kwangsi variegate shales 
with yellow sandstone and limestone nodules contain 5 species of Anisic Daonella 
beside several other mollusks. They are moussoni, dubia, lindstrimi, elongata and 
producta, where the last is Hsti’s (1940) new species, closely related to elongata. 
In east Hunan the Ladinic formation is composed of purplish yellow shale, 
sandstone and light grey limestone in alternation which contain D.lommeli and 
other fossils. Two species of Daonella are found from Thailand; one is Carnic 
sumatrensis in the greenish grey clayslate in the tributary of Khlong Mak near 
Malayan Border and the other an indeterminable form of Daonella (ex. gr. 
pichleri) in the clayslate from Lampang. 

A Daonella bed in Sumatra is composed of clastic sediments and contains 
kittli and sumatrensis in shale (Vorz, 1899). It is equivalent to the Raibl. In 
Timor Daonella is common in the so-called ‘‘Halobia facies’? from Ladinic to Noric 
(KRUMBECK, 1922), which is composed of limestone, calcaleous shale, clayslate, 
marly shale, radiolarian-bearing chert and radiolarite (WANNER, 1956). They yield 
4 species of Daonella, 24 of Halobia and 2 of Monotis beside some pelecypods 
and brachiopods. These Ladinic species of Daonella are indica, lilintana, cfr. 
bulogensis and pichleri var. timorensis. ‘They occur also in the flysch facies 
composed of light coloured limestone, calcareous or siliceous shale with or 
without clay matter. Cherty materials are recognized as interstitial deposit as 
well as bed-forming materials. WANNER (1956) considered them to be auto- 
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chthonous. The “‘cephalopod-facies’’ contains a copious fauna including many 
upper Ladinic fossils, but D. cfr. bulogensis is a rare lower Ladinic element. 
In Portuguese Timor another horizon, probably of the Cassian stage, is repre- 
sented by D. aff. ittli and D. indica from siliceous limestone. These fossil beds 
are related to the Hallstatt deposits in fossils as well as lithology, and form 
Decken. From Rotti, RoTHpLetz (1892) reported lommeli and kittli beside 3 species 
of Halobia and a Monotis. 

In New Zealand exist two Daonella beds in south island. One is in the 
Anisic Etalian stage and the other in the Ladinic Kaihikuan stage. TRECHMANN’S 
(1917) indica from the latter is known now by the name of apteryx MARWICK 
For the Daonella beds (1953). in south Ussuri the reader is referred to page 7. 

In California and Nevada there are 5 species of Daonella beside many am- 
monites of Middle Trias. According to-SmitH (1902) the fauna is related to the 
Boreal as well as Tethyan fauna but not the Indian one. According to DIENER 
(1915) and Tornourst (1901) the faunas are closer to the Boreal than the Tethyan. 
Recently Zeit found the Middle Triassic from Chile, in which D. ex gr. lommeli- 
sturi was included (IcHikawA in ZEIL, 1958). This fossiliferous bed is composed 
of conglomerate, sandstone and shale. 

Finally the Anisic ‘‘ Daonellenkalk’’ and the Ladinic ‘‘ Halobienkalk”’’ are 
known in Spitzbergen. The former is composed of black, marly calcareous shale 
containing thick limestone lenses and nodules. These black limestones are rich 
in D.lindstrémi and D. arctica besides 20 ammonites. Boum reported D. loveni 
from the Carnic of Bear Island. 


Table: Daonella from the Zohoin Series 
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It is remarkable that more than 70 forms of Daonella are limited to occur 
in the Alpine-Tethyan geosyncline. Therefore Daonella can be said a character- 
istic pelecypod of the pelagic geosynclinal facies. From the Alpine region ap- 
proximately 50 forms of Daonella’are reported. In the Circum-Pacific region, 
on the other hand, Daonella is rather poor and the’ Daonella beds are mostly 
clastic rather than calcareous. This must be related to the older Mesozoic 
crustal movement which is known in Japan by the name of Akiyoshi orogeny. 
It culminated in the Ladinic and Carnic ages. The Alps, where calacareous 
facies is predominant, was quiet in these ages except-a part of the East Alps. 
Clastic sediments become predominant in the Himalayan and Pacific geosynclines, 
and cherty facies is often met with in Daonella beds in Southeastern Asia. 

Both Daonella and Halobia range from Anisic to Noric, and Daonella was 
flourished in the Ladinic and Halobia in the Carnic. The Wengen and Cassian 
stages are the transition from the Daonella-age to the Halobia-age. The Buchen- 
stein stage yields more Posidonia than Daonella. and almost free from Halobia. 
In Himalaya the Jommeli zone comprises 4 forms of Daonella and 3 of Halobia. 
According to Rorupretz lommli and kittli are coexistent with 3 species of Halobia 
in Rotti. Therefore Halobia kept up in the Cassian with Daonella. In the 
Raibl or the aonoides zone Halobia was already superior to Daonella. In Sumatra 
the Daonella bed yields 4 species of Halobia and 2 of Daonella. In Misol the 
Ladino-Carnic Keskain formation comprises D. lilintana and 4 forms of Halobia. 
In the Salzburg Alps 2 lower Carnic forms of Daonella and 15 of Halobia are 
coexistent. In Japan Daonella and Halobia beds are isolated except for the Atsu 
series, in which D. yoshimurai is coexistent with more numerous individuals of 
Halobia in 2 species, 


V. Description of Daonella in Japan 
Genus Daonella Mojsisovics 


1874: Daonella MOJSISOVICS, Jb. k.k. geol. R.-A., Bd. 7, Heft 2, S. 6. 


The Posidonia-like stage seen in many species of Daonella and also Halobia 
in their umbonal regions shows their derivation from Posidonia as generally 
accepted. It is quite probable that Halobia was evolved from Daonella by the 
development of the anterior ear, almost simultaneously with the appearance of 
the latter genus. Their life ranges are from Anisic to Noric, but the acme was 
Ladinic for the latter and Carnic for the former. This agrees with the frequency 
of their occurrences in Japan. 

Kirti erected Enteropleura, Dipleurites and Amonotis as three new genera 
of the Halobiidae. In his recent revision IcH1xawa (1958) divided the family 
into the Halobiinae and the Aulacomyellinae (nov.). While he synonymized 
Dipleurites with Daonella s.str., he recognized Enteropleura as well as Veldinella 
ALMA as two subgenera of Daonella. As to Amonotis, he suggested its possibility 
to be a member of the latter subfamily. 

In 1874 Moyjsisovics has classified 26 species of Daonella into 3 groups as 
‘follows : 


1. Gruppe der Daonella moussoni: nachst den Schlofrandern keine Rippen. 
2. Gruppe der Daonella tyrolensis: Rippen nicht gebiindelt, bis zu den Schlofrandern 


reichend. 
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Gruppe der Daonella lommeli: Rippen gebtindelt. 
Later in 1912 Krrrt reclassified the genus and 57 species were schematized 


into 8 groups as follows: 


ile 


Die Gruppe der posidonoiden Formen, die nur eine schwache Radialskulptur besitzen, mit 
drei Untergruppen ; 

a) Untergruppe der Daonella béckhi. 

b) Untergruppe der Daonella proboscidea. 

c) Untergruppe der Daonella gosaviensis. 
Die Gruppe der Daonella moussoni mit schwacherer, oft nur in der Schalenmitte deut- 
licher Radialskulptur. 
Die Gruppe der Daonella tyrolensis mit deutlichern Radialrippen, welche gewOhnlich eine 
ein- bis zweimalige Spaltung zeigen und meist bis zu den Schlo{randern reichen. 
Die Gruppe der Daonella sturi und Daonella lommeli mit Biindelrippen und von quer- 
verlangerter Gestalt. 
Die Gruppe der Daonella grabensis mit feinen, nicht oder undeutlich gebiindelten Rippen. 
Die Gruppe der Daonella pichleri mit weit vorgerticktem Wirbel. 
Die Gruppe der Daonella lamellosa, durch vorwiegend konzentrische Skulptur der Schale 
ausgezeichnet. 
Isolierte und dubiose Formen. 


In the Triassic of Japan there are 14 species of Daonella, in addition to 2 


subspecies namely, 2 species from the Rifu series, 11 species plus 2 subspecies from 


the 


ing 


Zohoin series and | species from the Atsu series which are classified accord- 
to Kirti’s scheme as follows: 


Group of moussoni 


Daonella aisuensis: ICOBAVIASHI ss ten eesteeee eee eee eee Eo nee Atsu Series 
? Daonella tenuistriata KOBAYASHI & TOKUYAMA, 2. SD........ccceceeceeeneeeeeees Zohoin Series 


Group of tyrolensis 


Daonella alta: NiAss Sch SEUIMUZU ceee so. aeeeene tee eee eee ee Zohoin Series 


Doonella indica BIT ENERW. ..o,% ig Rites eaee ee gee ee eee Zohoin Series 
Daonetla, Ares pitsen sas: BET GNBR ice lccesnkesk und. sehen etna Zohoin Series 
Daonella iwayai KOBAYASHI & TOKUYAMA, ny Sp. oeecsceeeseeeeeeeeseeseeeeerseees Zohoin Series 


Daonellavkotot NEOJSIS@OVACS seeder ee ee ee Zohoin Series 


Dacnelossakawana NIOTSISOVICS) tte. ee eee Zohoin Series 


Group of sturi-lommeli 


Daoncllaesubqiadraiay\ ABEG& iSYTMIZ Oia by... 41te cbt. «-Be6t eek See ae Zohoin Series 


Daonella subquadrata zohoinensis KOBAYASHI & TOKUYAMA, n. subsp. ...... Zoeoin Series 

Daonella subquadrata symmetrica KOBAYASHI & TOKUYAMA, n. subsp. ...... Zohoin Series 

Daonella muydtistriata YAR Be SMUMIZU, ja. copcnasnssas0niiasSeencevenesninteeer deen coenees Rifu Sesies 

Daonella densisulcata VY ABE Bo SHIMIZU: cs ccsicinovis<ns-<22deccuenrearactccru te eee Rifu Series 
Group of grabensis 

Daonella pectinoides KOBAYASHI & TOKUYAMA, ni. SPscceeccsceceeseeeseeesseeeseees Zohoin Series 
Group of pichleri 

Daonella asymmetrica KOBAYASHI & TORU Y ANIMAS Sas. oS Pncetoeene antec see eneene Zohoin Series 

Daonella hiratai KOBAYASHI & TOKUYAMA, n. SPS sBisshs Nee eee Zohoin Series 


Group of D. moussoni 


1. Daonella yoshimurai KopaAyAsut 
Plate III, figure 2 


1935. D. yoshimurai KOBAYASHI, SIGG., VOIeI2S. Wy pL 7, fe, 7, 


This species is characterized by semi-circular outline, but broadest shortly 
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below hinge, subtriangular smooth subhinge area and broad flattopped ribs, 7- 
10 in number and bifurcated in later stages. Caused by lateral compression, a 
small left valve (MM 3472) from a point some 150 m SW from the type locality 
swells up, and is taller than broad; anterior area larger than posterior one. 

Comparison : —This is undoubtedly a member of Kirt1’s moussoni group, but 
no species of the group is very close to it. Ladinic paucicostata TorNouist differs 
from it in more prominent umbo, more numerous ribs and narrower posterior 
subhinge area. Ribs are more numerous and the outline is longer in udvariensis 
KittL from the Ladinic of Bakony. Finally, Carnic swmatrensis Vouz is similar 
to it in the wide area, number and more of ribbing, but mode inequilateral. 

Occurrence : —Scattered in black shales in the upper Atsu series. At a point 
north of Shirogawara it is associated with Halobia atsuensis, H. subsedaka and 
Oxytoma atsuense (ToKuyaMA, 1959) in a shaly bed in the alternation of coarse 
sandstone and black shale. Halobia is more common than Daonella in the shales. 
Here a sandy intercalation yields lower Carnic Minetrigonia katayamai. 


2. Daonella tenuistriata KopayasHi and ToKuyAMA, new species 
Plate III, figure 10 


Description : —Shell almost as high as wide, somewhat diagonal. Hinge line 
straight, forming obtuse angles at ends. Umbo median, prosogyrous. Ribs 
numerous, flat-topped, regularly bifurcated in antero-median to postero-median 
part ; median and postero-median ribs often twice bifurcated. Posterior smooth 
area large. Concentric wrinkles distinct in early stage. In the Posidonia-like 
stage which is relatively long lasting, the shell is prolonged diagonally and wider 
than high. Then wide and flat-topped ribs appear in the median part which 
become successively bifurcated. Subsequently this ribbing extends anteriorly. 
The outline becomes relatively tall and more equilateral in grown stage. 

Observation: —A specimen at hand (MM 3473) is an internal mould of open 
valves, 15.1mm high and 15.9mm wide. Ribs are flat-topped,in the immature 
stage. In the anterior part the aspect is maintained until the maturity. Many 
ribs in the adult stage are bi- or quadri- furcated. Though the posterior part 
is partly broken, it is certain that it has a large smooth posterior area. 

Comparison: —It is related to KiTTL’s second group in growth change, but 
in the group ribs are generally weak, often flattopped and rare on the lateral 
parts. In this species, on the other hand, ribs maintain their significance, 
though fine, as far as the anterior hinge. Two areas are present, commonly 
wider in anterior in moussoni and udvariensis. In the disappearance of posterior 
ribs this agrees with pectinoides but the ribs are simple, round-topped in that 
species. In once or twice bifurcation of all ribs it resembles arzelensis or KITTL’s 
third group, in which, however, the areas are ill-developed and the posterior 
one is never wider than the anterior one. 

Occurrence: —Rare at Zohoin in Sakawa. 


Group of D. tyrolensis 


3. Daonella alta YABE and Suimizu 
Plate I, figures 4, 5 


1927. D. kotoi var. alta YABE & SHIMIZU, Sct. Rept. Tohoku Imp. Univ. Vol. 11, 
p. 122, pl. 12, fig. 10. 
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Description — Shell subequilateral, somewhat wider than high. Hinge short 
and rounded at ends. Umbo submedian, prosogyrous. Ribs about 20, flat-topped, 
wide in median part and narrowing laterally; primary grooves relatively wide 
and rounded on bottom; secondary grooves starting at about | cm from umbo; 
antero-median ribs sometimes trifurcated; some ribs twice bifurcated in grown 
stage ; posterior ribs sometimes arcuate. Concentric wrinkles fairly distinct near 
umbo. In Posidonia-like stage shell wide and more oblique than in later 
stages; hinge line relatively long. Then primary ribs suddenly appear in whole 
breadth. 

Observation: —Two specimens of the present collection (MM 3475, 77) agree 
with the holotype in relatively small size and straight ribs, but the ribs are 
arcuate in another two larger specimens (MM 3474, 76). They are more or less 
irregular in the postero-median part in the holotype and also the former two, 
while in the latter two they are regular (pl. 1, figs.4, 5). Likewise D. indica 
comprises two forms with straight and arched ribs (BITTNER, 1889, KRUMBECK, 
1924). The ratio of width to height varies 1.2-1.5. 

Comparison : —This was first considered a high variety of D. kotoi but distinct 
from kotoi in the equilateral outline, wide and regular ribs and distinct inter- 
spaces. These aspects suggest closer relationship to tyrolensis or indica. Com- 
pared to tyrolensis its ribs are somewhat stronger and less numerous. 

Occurrence : —Zohoin at Sakawa. 


4, Daonella indica BITTNER 


Plate 1, figures 1, 2; plate 2, figures 1, 2; plate 3, figures 3, 4, 11 & 12; plate 4, figure 1 
1899. D. indica BITTNER, Pal. Ind., ser. 15, vol. 3, p. 39, pl. 7, figs. 4-11. 
1907. D. indica, WANNER, N. Jb, Min. usw. 24. B.-Bd., p. 202, pl.9; figs. 8, 9, pl. 10, 
hess Ss 


1908. D. indica, ,DIENER, Pal. Indica, Ser.15,-vola D5) poll, plas, figs) 6) 74010) 

1912. D. indica, KITTL, Halobiidae usw., p. 48, pl. 4, figi. 10, 11; pl. 9, fig. 2. 

1915. D. indica, v.ARTHABER, Beitr. Geol. Pal. Osterr.-Ungarns usw., Bd. 27, S. 191. 
1927. JD. indica, REED, Pal. Indica, NS. vol. 10, p.194, pl. 17, fig. 4. 

1930. D. indica, KUTASSY, Féldt. Kézliny, Bd. 60, p. 203, pl. 3, fig. 1. 


Description: —Shell rounded, subequilateral, as high as wide. Hinge line 
short, straight forming obtuse angles with anterior and posterior margins. 
Umbo median, rounded, slightly projected above hinge. Ribs about 35-50, 
distinct, flat-topped regularly bifurcated, mostly equal in strength and distributed 
on whole surface, but become finer near hinge margin. Concentric wrinkles 
distinct in young. Outline apparently narrower in Posidonia-like stage. 

Observation and comparison : —In this species ribs are mostly straight, but the 
median ones are arcuate in two specimens (MM. 3478, pl. 1, fig. 2; MM 3492). 
They are commonly of equal strength and bifurcated regularly on the whole 
surface, but sometimes become narrower laterally. In another two specimens 
(MM _ 3490, 91) a narrow smooth triangular area is seen near the posterior hinge 
margin. Still another specimens (MM 3495, pl. 1, fig. 1; MM 3539, pl. 3, fig. 4) 
show irregular trifurcation in the antero-median part. 

Daonella indica occurs in Anatolia, Himalaya (BrrTNer), Spiti (Diener), Yunnan 
(Mansvuy), Kweichow (Leret al.) and Timor region (WANNER, KRUMBECK, KuTassy) 
in Asia and the East Alps, Dinaric Alps, Hungaria, and Dalmatia in Europe 


Daonella in Japan 15 


(KittL, ARTHABER). Asiatic specimens bear relatively strong ribs of equal 
strength on the whole surface as seen on the Himalayan and Timor examples. 
DiENER’s from the Daonella-limestone in the west of Lilang also bears fairly distinct 
straight ribs, but they become weakened toward the hinge. In Kuirrt’s speci- 
men from the Alps they are weaker than in Spiti specimens and become weaker 
laterally. These European forms resemble bulogensis or tyrolensis. As above 
described, Japanese specimens have strong and regular ribs on the margin like 
the other Asiatic specimens. Compared to the foreign specimens, they are re- 
latively small and bear more ribs. Sakuradani specimens (pl. 3, fig. 3) have 
numerous and fine ribs, while wide-ribbed (MM 3478, pl. 1, fig. 2) as well as 
narrow-ribbed (MM _ 3483) specimens are in Zohoin collection. 

In the regular bifurcation indica belongs to KuiTTL’s tyrolensis group. It 
agrees with tyrolensis Moyjsisovics, bubogensis Kittt, arzelensis Kurtw’s, léczyi 
KLTTL, spitiensis and lilintana Borum in the tall, equilateral outline and regularly 
bifurcated ribs. In indica most ribs are equal in strength and width and the 
smooth area near the hinge is either absent or very narrow. The last feature 
is seen also in Asiatic spitiensis and lilintana. 

Occurrence :—Common through all localities of the Zohoin series in Sakawa, 
Ino and Sakuradani regions. Sakawa and Sakuradani collections include wide- 
ribbed and narrow-ribbed forms; most of Ino collection immature. Sakuradani 
specimens from Junisha, Gorodani and Makiodani, Koyanomizu, Tsuzurazaka in 
Usugatani, all in the Fujinohira Decke, are deformed by lateral compression in 
similar manner. 


5. Daonella cfr. spitiensis BITTNER 


Plate I, figure 3. 
1899. cfr. D. spitiensis BITTNER, Pal. Ind., Ser. 15, Vol. 3, p. 38, pl. 7, fig. 3. 


Description : —Shell rounded, eqnilateral, almost as high as wide. Umbo 
small, median, pointed ; hinge short, remarkably rounded at extremities. Ribs 
about 40, most pronounced at middle, weakened laterally till at last a narrow 
smooth area appears on each side; median ribs finer on anterior than on posterior 
side and bifurcated or even trifurcated: Concentric wrinkles distinct in early 
and middle stage. Young shell relatively high. 

Observation and comparison :—An imperfect internal and external mould of 
a left (?) valve (MM 3496) resemble BITTNER’s spitiensis closely in the well 
rounded outline and mode of ribbing, but it is higher and its ribs are more 
distinct. It is distinguishable from indica by its more rounded lateral angles and 
more developed non-ribbed area. 

Occurrence: —Rare at Zohoin in Sakawa. 


6. Daonella iwayai Kopayasui and TokuyAMaA, new species 
Plate II, figure 15; plate III, figures 8, 9; plate IV, figure 4. 


Description : —Shell a little higher than wide. Hinge line straight, subangular 
at ends; umbo mesial. Primary furrows about 25, wide and rounded on bottom, 
while primaly ribs are flat-topped, once or twice bifurcating ; secondary ribs in 
median part provided with 2 or 3 fine tertiary furrows, so that they look like 
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bundle ribs; tertiary furrows become uncommon toward hinge, but each inserted 
regularly on a secondary rib in the median part; ribs weakened or effaced near 
hinge where smooth triagnular areas appear, posterior one being larger than 
anterior. Concentric wrinkles distinct near umbo. 

Observation : —Caused by lateral compression, the holotype (MM 3497) from 
Tsuzurazaka in Usugatani (pl. 3, fig. 8) is prolonged. Judging from two imperfect 
specimens from Tosa, the underformed outline of this species may be nearly as 
wide as high. In the median part of the holotype 2 tertiary furrows are 
preserved on a secondary rib. In a Zohoin specimen (MM 3498, pl. 2, fig. 15) 
which is large but fragmentary, furrows of three orders are all rounded on bottom ; 
the primaries about 4 times as wide and as deep as the secondaries, which the 
latters again are 3 to 4 times as wide and as deep as the tertiaries; a secondary 
rib bears commonly 2 to 3 tertiary furrows and 4 at maximum. The Kuroiwa- 
dani specimen from Ino (MM 3481, pl. 3, fig.9) which is also large but frag- 
mentary, represents fairly regular twice bifurcation. 

Comparison: —In ribbing this is closely related to bulogensis K1TTL, especially 
to cfr. bulogensis from Timor by Krumseck. In this species, however, the primary 
ribs are never trifurcated as those allies; its outline is higher and more equi- 
lateral. In the bundles of ribs the two large imperfect specimens are remarkably 
similar to lommeli, especially to one from Bithynia (ARTHABER, 1915), although 
the outline is not equilateral and not so high as in this species. Arzelensis K1TTL 
from the upper Ladinic Wettersteinkalk of Innsbruck is more or less equilateral 
and its large form higher than wide. Its outline, position of umbo, hinge 
extremities and subhinge area accord with those of this species but the ribbing 
is more regular in this than in KiTTv’s. 

Occurrence: —Common at Tsuzurazaka in Usugatani, Sakuradani in Awa, 
one specimen is collected from Kuroiwadani near Ino and two more from 
Zohoin, Tosa. The Holotype collected from Tsuzurazaka. 


7. Daonella kotoi Mojsisovics 
Plate II, figures 3-6; plate III, figure 1; plate IV, figures 2, 3. 


1888. D. kotoi MOJSISOVICS, Beitr. Osterr.-Ungarns usw. Bd. 7, 8. 174, Taf. 2, Fig. 3. 
1912. D. kotoi, KITTL, Halobiidae usw., S. 74. 
1915. D. kotot, ARTHABER, Lethaea Geognostica, II-1, S. 191, Taf. 31, Fig. 1. 


Description: —Shell medium to large in size, inequilateral, obliquely ovate 
and longer than high. Hinge line straight and rounded at ends. Umbo proso- 
gyrous, at about 2/5-length from anterior extremity and acuminate a little above 
hinge. Primary ribs about 30, distinct flat-topped, becoming narrow and irregular 
backward; median ribs often bifurcated and rarely trifurcated; concentric 
wrinkless more or less distinct. Three stages of growth can be distinguished as 
follows : 

1. Posidonia-like stage: smaller than 3mm long and 2.5mm high (MM 3489, 
pl.2, fig.6; 3549), round, convex, with concentric growth lines and without 
radial markings. 

2. Moussoni-like stage (MM _ 3489, pl. 2, fig.6): about 3-7.5mm long 2.5-5 mm 
high, roundly ovate; several narrow and weak radial grooves start at first in 


median part, successively added on posterior side; ribs narrower in posterior 
than median part. 
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3. Adult stage: shell 5cm long and 3cm high at the maximum (pl. 2, fig. 3, 
holotype, MM 5001), longer than high and more diagonally elongated than in 
young stages; ribs cover whole surface, uniform in strength, of same width in 
antero-median part and slightly narrow on posterior side, where secondary 
grooves are absent or 2 secondaries are inserted on a primary rib. They start 
at first in the median part (MM 3489, pl. 2, fig. 6), occur in anterior in the next 
and finally on the posterior side. 

Observation : —The outline is variable in this species to some extent. Length/ 
height ratio and obliquity are commonly greater in some Zohoin specimens than 
the holotype. The beak happens to be submedian on hinge (MM 3503, pl. 3, 
fig. 1). The mode of ribbing is variable. In some specimens (MM 3488, pl.2 
fig. 5) secondary grooves are indiscernible in the antero-median part as in the 
holotype, but distinct in others. The rfbbing is fairly regular in some but in 
some others it is irregular in strength and width in posterior. 

Comparison : —Mojsisovics included this species in the tyrolensis group, while 
did Kirtt in the sturi-lommeli group. In the simple ribbing it may be included 
in the former group. However, if its growth change is considered, it is related 
to the moussoni group. Daonella paucicostata ToRNoUIsT from the Ladinic of the 
South Alps and Dinaric Alps is close to it. In the growth change, ribbing and 
antero-dorsal aspect paucicostata fits in it. Moystsovics’ is, however, a little more 
oblique and ribs are more or less stronger than Tornouist’s. D. apteryx 
Marwick from New Zealand is another close ally, but has more ribs. In 
outline and ribbing this species resembles D. kittli KRUMBECK from the Carnic of 
St. Cassian, which, however, is distinguishable from it by the second growth 
stage when, according to KiTTL, grooves start at once in the entire shell in itzli, 
while in this they start at first in the median part. 

Occurrence: —Common in Zohoin and Ino in Tosa and Tsuzurazaka in Saku- 
radani regions, but rare in Semidani. At Koretomo and sometimes at Sakawa 
small shells are crowded. 


Daonella kotoi Mojsisovics var. 
Plate II, figure 7 


Description : —Shell more or less obliquely elongated ; anterior angle of hinge 
line subrounded ; umbo in anterior or hinge line prosogyrous, Ribs wide, flat- 
topped, sometimes flexiated, appearing first in median part, regularly trifurcated 
there and bifurcated on sides. Concentric wrinkles present in umbonal region. 

Observation and comparison: —Three specimens at hand (MM _ 3507/1-3) are 
all imperfect. In the oblique outline and regular trifurcation of the median ribs 
this form resembles BiTTNER’s cfr. indica from Pin valley in Spiti (1889, pl. 7, fig. 
12), which was referred to cfr. bulogensis KRUMBECK, although its trifucation is more 
regular. Among Japanese species kotoi is most intimate to this, except for the 
regularity of trifurcation. 

Occurrence : —Not rare at Kuroiwa, near Ino, Tosa. 


8. Daonella sakawana Mojsisovics 
Plate II, figure 8. 


1888. D. sakawana MOJSISOVICS, Beitr. Pal. Osterr.-Ungarns usw., Bd. 7,8. 174, Taf. 2, 
Fig. 4 (non Fig. 5). 
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1912: D. sakawana, KITTL, Halobiidae usw., S. 74. 


Description: —Shell medium in size, inequilateral, obliquely ovate, wider 
than high. Umbo prosogyrous, pointed above hinge at anterior 2/5; hinge 
straight, relatively short, forming an obtuse angle with anterior margin. Ribs 
about 40, distinct, regular, flat-topped, usually bifurcated, uniform in width in 
median part, narrowing towards hinge; in antero-median part a fairly stronger 
groove inserted in every 3 or 4 primary ribs. Concentric wrinkles fairly distinct, 
closely spaced in earlier stage and widely later. Outline high and less inequi- 
lateral at the beginning, becoming relatively low and more obliquely elongated. 
In consequence adult shells look more inequilateral than young ones. 

Observation : —Mojsisovics’ type specimens include 2 species. One (pl. 2, 
fig. 9, MM _ 5003) is specifically distinct from the other in fig. 4 (pl. 2, fig. 3, MM 
5002) and belongs probably to subquadrata zohoinensis. A few fragmentary 
specimens in the present collection are identifiable with this species. 

Comparison : —Originally, Mojstsovics included this species in his tyrolensis 
group, while Kirti referred it to his group of sturi-lommeli. The regular bifur- 
cation of ribs on the whole surface suggests its being a member of the tyrolensis 
group, Cassian Aittli KRUMBECK and richthofeni by BITTNER (1895) are especially 
similar to but different from it in the second growth stage, in which they have 
ribs on the entire surface, because in this species ribs appear only in the median 
part. In other words it grows through moussoni-like stage as kotoi. It differs 
from kotoi in its denser and more regular ribs. The anterior end of the hinge 
is rounded in kotoi, but angled in this; ribs are more or less rounded in it but 
flat-topped in kotot. 

Occurrence : —Relatively rare at Zohoin, Sakawa and at Kuroiwadani, Ino. 


Group of D. sturi-lommeli 
9. Daonella subquadrata YABE and SHIMIZU 


1915. D. sakawana, DIENER, Denkschr, k. Akad. Wiss., Wien, Bd. 92, S. 25, Taf. 1, Fig., 
37 Vat 2, uhigso. 

1927. D. densisulcata var. subquadrata YABE & SHIMIZU, Sci. Rept. Tohoku Imp. Univ. 
Sec. 2, Vol. 11, p. 122, pl. 22, fig. 9. 

Description: —Shell large; outline considerably variable from obliquely 
elongated, highly inequilateral, to high, equilateral form. Umbo median or a 
little anterior, sharp, obtusely angled at anterior end but rounded at posterior 
end. Ribs fine, about 60, round-topped, distributed on whole surface, wider in 
posterior than anterior side, regularly bifurcated in anterior and antero-median 
parts, trifurcated in median part and irregularly trifurcated in posterior. Con- 
centric wrinkles fairly distinct. In Posidonia-like stage (MM 3553; 3514, pl. 3, 
fig.5), shell diagonally ovate, wider than high, with prominent, large and 
prosogyrous umbo; in the succeeding stage (pl. 2, fig. 10), flat-topped simple ribs 
start in anterior and median parts and suddenly bifurcated ; ribbing successively 
extended over whole breadth; simultaneously, outline becomes subquadrate or 
trapezoidal. Then shell growth diverges in three trends; outline elongated 
diagonally and tending more inequilateral in one; shell becomes taller and 
almost equilateral in another; still another form to which the holotype belongs, 


is intermediate. Here are recognized the following 2 subspecies beside the typical 
form : 
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a) Daonella subquadrata zohoinensis Kopayasui and TokuyAMa, new subspecies. 
Plate I, figures 12, 13; plate II, figure 9; plate III, figure 5. 


Shell ovate or subelliptical, diagonally clongated, strongly inequilateral. 
Umbo at anterior 1/3 to 2/5 of hinge. Sometimes shell more elongated posteriorly 
than diagonally (MM 351], pl. 1, fig. 13; MM 3512, 13), but some others has 
the prolonged postero-median part (MM 3510, pl. 1, fig. 12). Shell is usually 
wider than high. 


b) Daonella subquadrata Yase & Suimizu (s. str.) 
Plate I, figures 6, 7; plate II, figures 9, 10. 


Shell roundly ovate, almost as high*as wide. This is suboval and wider than 
high in Posidonia-stage (MM 3518), but trapezoidal or subquadrate in later stages 
(MM 3521, 23, 24). Finally, it tends to be prolonged postero-ventrally (MM 3516, 
pl.-2, fig. 6). 


c) Daonella subquadrata symmetrica KopayasH! & ToKuyAMA, new subspecies 
Plate I. figures 8-11. 


Shell equilateral, higher than wide. This also grows through the suboval 
and subquadrate stages but short and the outline is high already in immature 
stages. Subsequently the height increase greatly. 

Observation : —The large shells are often met with in typical subguadrata (pl. 
1, fig. 6). Strength and density of ribs are almost same through the surface. In 
the full-grown examples (MM 3510, 16.) bi- or tri-furcated ribs are again bifur- 
cated (pl. 1, figs. 6, 12). In case. of tri-furcation ribs are sometimes divided so un- 
equally that a secondary rib happens almost twice as wide and as strong as another. 
Grooves on the bundled ribs are narrower than every secondary rib. The bundles 
in this species are produced regularly by bi- and tri-furcation in later stages, 
wheress ribs of Kittr’s 4th group such as of sturi, lommeli etc. are ‘‘ bundle- 
ribs” already at the beginning. 

Comparison : —This was originally described by Yaxne and Surmizu as a variety 
of densistriata from the Rifu formation. Densistriata, however, widely differs 
from this in outline and mode of ribbing. Namely, densistriata is more or less 
convex and much wider than high; the ratio of width/height is smaller in early 
stage and becoming larger through growth, while the growth change is reverse 
in symmetrica. The ribs in densistriata are flat-topped, widest in the median 
part, and narrow laterally, especially posteriorly; but in this species they are 
round-topped, uniform in width and strength, and regularly bi- or trifurcated. 

Daonella lilintana Borum from west Misol is the closest ally to this species, 
especially to symmetrica. This subspecies is identifiable with Jilintana, if irregular 
bifurcation of ribs in lilintana are ignored. In KRumBEcx’s lilintana from Kes- 
kain island, ribs are generally weak, widest at the median part, a little narrow 
and obscure toward the hinge till a narrow triangular smooth area is formed. 
If lilintana of the two islands can safely be identified, symmetrica is separable 
from lilintana in the specific rank. This and Jilintana belong to the same group 
with indica (KiTTL, 1912). In Kirtt’s 4th group some species have no typical 
bundle-rib of sturi, for example, longovarica KittL or gaderana KittL. They 
resemble this in ribbing, but differ in the smooth area near the hinge. 
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Occurrence: —Abundant in the Zohoin series. Subquadrata (8. s.), zohoinensis 
and symmetrica aré all well represented in the Zohoin collection. Poor impres- 
sions of subguadrata occur at Okazakigoe. Kuroiwadani collection includes many 
zohoinensis and several quadrata, but no symmetrica, while in the Sakuradani 
collection symmetrica is common and zohoinensis is absent except at Naise in 
Junisha. 


10. Daonella multistriata YABE and SHIMIZU 
Plate III, figure 7. 


1927. Daonella kotoi MOJSISOVICS var. wultistriata YABE & SHIMIZU, Sci. Rept. Tohoku 
Imp. Univ., Ser. 2, Vol. 11, No. 2, p. 123, pl. 11, figs. 12, 13. 


This is specifically distinct from fotoi. It is related closer to americana 
SmitH or dubia Gasp than kotoi, because kotoi belongs to KiTTL’s tyrolensis 
group, but this is a member of the sturi-lommeli group, to which americana and 
dubia also belong. In multistriata ribs in the median part are wide, flat-topped 
and irregular, but become weak laterally; fine ribs in postero-ventral to posterior 
side effaced in distinct triangular subhinge area; anterior ribs a little stouter 
and more distinct than posterior ones. Kotoi is characterized by ribs which are 
flat-topped, fairly regular, bifurcated, approximately of the same width from 
anterior to postero-ventral part; moreover the triangular smooth subhinge area 
is absent in kotot. 

Occurrence : —Rifu. 


ll. Daonella densisulcata YABE and SHIMIZU 


1927. Daonella densisulcata Y ABE and SHIMIZU, Sci. Rept. Tohoku Imp. Univ. Vol. 11, No. 
2, p.« 125, pli dl, fig: 13. (mon pl. 12}>figs. 8; 9) 
1954. cfr. D. densisulcata, KIPARISOVA, Field illustrated Atlas etc. p. 27, pl.18, figs. 7, 8. 


Daonella densisulcata is closely allied to ‘‘moussoni’? by SmitTH though different 
from typical moussooi from the Alps, because ribs are distinct, more or less 
irregular and sometimes flexiated in this and Smirn’s, while, they are weaker, 
simpler and regular in typical moussoni. Nevertheless, these three forms agree 
in more or less diagonally elongated outline and fairly wide, smooth, triangular 
subhinge area. Yasr and Suimizu’s specimen from Zohoin in pl. 12, figs. 8, 9 
belong to subquadrata, from which it is distinct in its bundled ribs and fairly 
wide smooth subhinge area. 

One of Kiparisova’s (1954) densisulcata (fig. 8) bears more regular ribs and 
narrower flattened subhinge-area than the typical Rifu form. The other speci- 
men (fig.7) is more closely related to the subquadrata-group, because ribs are 
distinct through the surface and they are almost regularly quadrifurcated. Fur- 
ther, its outline is higher and less oblique than densisulcata. 

Occurrence :—Rifu. 


Group of grabensis 
12. Daonella pectinoides Kopayasut and TokuyaMA, new species 
Plate II, figure 12; plate III, figure 6, Text-figure 


Description :—Shell small, tall and equilateral. Hinge line longs, traight 
and subrectangular at extremities. Umbo small, bifurcated, round-topped, 
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widest in antero-median part; interspaces wide in anterior and narrow 
in anterodorsal; anterior triangular subhinge area fairly wide and non- 
ribbed, but marked with distinct concentric wrinkles. Juvenile shell fairly 
convex, equilateral, as high as wide, devoid of radial markings. In the 
second stage, ribs appear in median part, 
and then on lateral sides; outline sub- 
equilateral and as high as wide. In the third 
stage shell elongated posteroventrally and 
becoming higher than wide. Adult outline 
again equilatelal. 

Observation and comparison : —The holo- 
type (MM _ 3532) is right internal mould, 
13.2mm. high and 11 mm wide. This spacies 
is related to the Kittt’s 5th group. For 
example, zellensis Kirti from the Anisic of 
the North Alps and subtenuis Kirti from 
the Anisic of Bakony agree with it in shape, Degucey Dandiipecmades: a 
strength and density of ribs and width of diagonally compressed specimen 
posterior smooth subhinge area. It is, how- showing the two manners of de- 
ever, distinguishable from them by its high formation. 
and equilateral outline. 

Secondary deformation: —The junior author made an interpretation to the 
deformation of a laterally compressed left valve, MM 3533, from Usugatani in 
Sakuradani (pl. 3, fig.6; Text-fig.). It is semielliptical and higher than wide; 
hinge line straight, subrectangular and rounded at extremities; ribs about 40, 
distinct simple, rounded on top and a few bifurcated. Its triangular, smooth 
and non-ribbed subhinge areas are narrower than in the holotype. Two kinds 
of deformation were produced on this specimen by the same stress from antero- 
dorsal to postero-ventral. The anterior part was deformed in harmony with 
surrounding medium of rock matrix, whereas the posterior part did not harmo- 
nize. Due to the compression rectangular to the stress its ribs were most nar- 
rowed in the antero-ventral part, while in the posterior part the ribs were 
modified not so much as between the hinge and ventral side. In non-deformed 
specimens, however, ribs are widest in the antero-dorsal part. 

When stress operates a plastic body, it will be compressed in the trend of 
stress, but expanded rectangularly in case of equi-volume deformation. Therefore 
volume change is small or none in the anterior part of the shell. In another 
case, the deformation with volume change, the plastic body is simply compressed 
without rectangular expansion, as seen in posterior part of the shell, while the 
anterior part was probably deformed in the former manner at the beginning 
but later by the latter manner. In consequence the anterior part became longer 
than the posterior; in the former the density of ribs is considerably reduced 
near the hinge and in the ventral side, while the reduction is not so great in 
the latter. The median crack and the angle between the anterior and posterior 
hinge line show the difference between the two manners of deformation under 
the diagonal stress. It suggests that the compaction was incomplete when 
stressed. 

Occurrence: —Rare at Zohoin in Sakawa and common at Tsuzurazaka and 
Makiodani in Usugatani in the Sakuradani region. 
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Group of pichleri 
13. Daonella asymmetrica Kopayasui and TokuyAMA, new species 
Plate II, figure 13 


Description : —Shell small, roundly trapezoidal, diagonally elongated, widest 
shortly below hinge and nearly twice as long as high. Anterior and hinge 
margins form acute angle; antero-ventral margin rounded, passing into posterior 
one; posterior and postero-dorsal margins rounded. Beak prosogyrous, pointed 
above hinge at anterior third. Ribs about 30, stout, simple, rounded and 
widest in antero-median part, where interspaces are also wide, and finer in 
posterior than anterior side. Non-ribbed smooth triangular areas wider in pos- 
terior than anterior. Concentric wrinkles widely spaced. Smooth juvenalium 
relatively higher and prosogyr, followed by the stage of ribbed posterior and 
then wholly ribbed stage. 

Observation and comparison: —A left internal mould, MM 3534, is 18.6 mm. 
long and 10.5 mm high. According to Kirti (1912) D. pichleri comprises specimens 
of various outlines. Among them a young specimen from Bosnia in fig.5 on 
pl. 4 is the closest ally to this. The posterior extremity in the pichleri, however, 
is sharp and lies just below the hinge line, while in this it lies more ventrally 
and well-rounded; ribs are coarser and stouter in this than in pichleri. 

Occurrence : —Rare at Zohoin in Sakawa. 


14. Daonella hiratai Kopayasut and ToKUYAMA, new species 
Plate 2, figure 14. 


Description :—Shell small, crescentic but dilating backward, 2-3 times as wide 
as high. Umbo prosogyrous, pointed at anterior fifth of long, straight hinge 
line. Ribs about 30, simple, round-topped covering antero-median to posterior 
surface, strongest in postero-median part, weakened anteriorly and effaced in 
anterior third. Concentric wrinkles distinct, closely spaced in anterior and um- 


bonal region, becoming weaker and widely spaced in posterior. This shows 


posteriorly accelerated growth in the middle stage. 

Observation: —An internal and external mould of open bivalved specimen 
(MM 3535) is 16mm long, 6.5mm high and depressed diagonally. Its original 
outline may be semi-oval or obliquely crescentic. Due to depression ribs are 
weakened on the anterior half. Therefore the true width of the anterior smooth 
area is indeterminable, although it is evident that the ribs are distinct in the 
posterior part but weakened forward. 

Comparison: —In the umbonal position and the mode of ribbing it belongs 
undoubtedly to the Kirr’s 6th group. In outline and ornaments it resembles 
D. pichleri Mojstsovics and D. pauri Kirti, both from Bukowina, Austria, but 
none has so wide anterior smooth area, anteriorly allocated umbo and so large 
width/height ratio and finer and more ribs. Finally, D. sumatrensis is the closest 
ally to this, but distinguishable from this by its smaller width/height ratio. 

Occurrence: —One specimen each from Zohoin in Sakawa and Semidani in 
the western extremity of the Fujinohira-Decke in the Sakuradani region in Awa. 


VI. A Supplementary Note on Halobia in Japan 


Kopayasui and Icurkawa (1949) proposed a new name, Halobia aotii, for 
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H. multistriata Kosayasur and Aotr (1943), because the latter was found to be 
duplicated by Halobia kwaluana var. multistriata Vowz, 1899. Simultaneously, 
they instituted a new species, Halobia kashiwaiensis, for a form from the Oxytoma- 
Mytilus sandstone at Kashiwai in Sakawa basin, Kochi Pref. Later IcuikAwA 
(1954 b) reported the occurrences of H. kawadai and H. obsoleta at several localities 
in the Sakuradani-Kito area, Tokushima Pref. and H. molukkana, H. aff. austriaca 
and Halobia sp. at Iwai near Itsukaichi, Tokyo Pref. (1954 a). Subsequently, 
Nakazawa (1955) described from the Nabae formation in Kyoto and Fukui Pre- 
fectures, Halobia kawadai, H. obsoleta, H. cfr. aotii and H. cfr. austriaca beside 
3 indeterminable forms of the genus. Recently Tamura (1958) reported H. kawa- 
dai and H. molukkana from Matsukuma in the Kuma region in central Kyushu. 
In Nagato Halobia occurs in three beds. The oldest is Daonella bed in the Atsu 
series whence the junior author (1959) described 2 new species, Halobia atsuensis 
and H. subsedaka. The second is the Hirabara formation of the Mine series 
which contains kashiwaiensis and kawadai in two horizons. The third is the 
Aisaka-Okibe bed or the aotii bed, in which kawadai was also collected recently. 
Aotii occurs further in the upper Nakatsuka formation (Toxuyama, 1959). 
Thus, 5 leading species of Halobia are in ascending order, namely, atsuensis, 
kashiwaiensis, kawadai, aotii and obsoleta. This succession is applicable to the 
Kochigatani, Nabae and Nagato faunas, although they are not quite distinct as 
zone species. They are commonly found together in the Kuma and Sakuradani 
faunas. As a general tendency the more off-shore the sediment, the less the 
facies variability. Therefore the ‘“‘Halobia beds’ look explicit in the Mine and 
Nabae formations on the continental side, but become obscure in Sakuradani and 
Kuma areas on the Pacific side. The number of zones and their distinctiveness 
match with the Carnic palaeogeography of West Japan in the following manner: 
(1) 3 Halobia zones in the Atsu, Mine and Asa areas and Nabae formations of the intra- 


orogenic zone. 

(2) 2 Halobia zones in the Kachigatani series of the Sakawa basin in the inner side of the 
peri-orogenic zone. 

(3) No distinct Halobia zone in the Kochigatani series in the Kuma and Sakuradani areas 
in the outer side of the peri-orogenic zone, although the genus is a common member 
of the Kochigatani fauna of the areas. 

(4) Halobia occurs rarely in the Sambosan limestone in the extra-orogenic zone. 
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THE HALOBIIDAE FROM THAILAND 


By 
T. KOBAYASHI aud A. TOKUYAMA 


With Plate IV 


In his reconnaissance Wallace LEE discovered fossils on the road side 8km. 
south of Chiang Rai near the northern border of Thailand. They were submitted 
by him to the U.S. Geological Survey in 1923. T.W. Sranron distinguished 
in the collection, Hoernesia (?) spp.,*Macrodon (?) sp., Myophoria radiata 
Loczy, Myophoria sp. ex. gr. M. leavigata and Trigonodus (?) sp. and suggested 
Middle Triassic for this fauna. 

Later Hem and Hirrscui (1939) found pelecypods in the green shale forma- 
tion in the north of Lampang on the highway to Chiang Rai. The fossil was 
identified as typical Daonella by WANNER, indicating the Middle to Upper 
Triassic age for the formation, Still ‘later Halobia was identified by Imtay 
among the pelecypods from the same locality (BuRAvaAs, 1957). 

Lately, Triassic fossils were found further at two spots of the Mae Moh 
tributary, 50km. east of Lampang. According to PITAKPAIVAN (1955) there are 
three fossiliferous beds. The Mae Moh collections were sent to Kummer for 
identification. As the result the followings were determined and Anisic to Carnic 
was suggested for the age of the fauna. 


1. Doi Ghang shale and sandstone containing Balatonites, Beyrichites, Paratrachyceras, 
Ptychites and Siuria. 

2. Hong Hoi shale and sandstone containing Paratrachyceras, Joanites, Halobia, Lobites, 
Bala‘onites and Sturia. 

2-3. Doi Chang or Hong Hoi sandstone and shale yielding Joanites, Ptychites and Cladis- 
cites. 

3. Fossiliferous limestone of Doi Chang with Spirigera. 


Last summer (1958) Mr.Saman Buravas, chief of the Geological Survey 
Division, Royal Department of Mines, Bangkok, Thailand has sent the senior 
another a small lot of Mesozoic fossils for determination. Beside two specimens 
from Lampang district there is one from a formation at Na Thawi, Songkhala 
near Thailand-Malayan border, which was formerly thought Triassic but lately of 
Carboniferous age. Here the specimen in question is determined as a member 
of the Triassic Halobiidae and most probably a Carnic species of Daonella. 
Precisely speaking, the Halobiidae from the three loclaities are as follows: 


1. Daonella sumatorensis from Na Thawi (S 1017/1938). This species was first described 
from northern Sumatra. According to VOLZ it coexists with Daonella cassiana and 6 spcies of 
Halobia including styriaca and cfr. charlyana. He assigned this fossil horizon to the Raibl 
equivalent. 

2. Daonella sp. ex gr. D. pichleri from about 60km. on Lampang—Chiang Rai Highway 
(TF 4). It is not so well preserved to discuss in detail. 

3. Halobia cfr. comata and H. cfr. styriaca from a locality (TF 167) east of Lampang. 
H. comata is one of the most abundant species in Timor and a lower Carnic index in the 
eastern part of the Tethyan province, occurring from the Himalaya, Yunnan and South China. 
H, styriaca is another leading member of the Timorian fauna with which this Thailand form 
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is most probably conspecific. They are, however, not quite identical with H. styriaca (s. ee 
which is an index to the Carnic stage of the North Alps, Dinaric Alps, Greece and (?) Spiti. 

Thus these four forms are all related to the Carnic species of the Alpine- 
Himalayan province and especially of the Southeastern Asiatic regions. None 
of them is, however, common or closely related to the Carnic species of Japan 
or East Siberia. 

In the recent compilation of the geology of Thailand Brown and others (1953) 
proposed ‘“‘Khorat series” to include the Kamawkala limestone and all other 
Mesozoic formations with the thought that the age of the series is Triassic and Jura- 
ssic. The Khorat series on the Khorat plateau is, however, as pointed out by the 
senior author (1958), a continental formation containing Dicotyledonous plants 
which must be either Palaeogene or younger Cretaceous in age. Therefore the 
marine Triassic and Jurassic formations in the median and western zones of Thai- 
land must be excluded from the Khorat series. It is a remarkable fact that the 
Khorat series so defined is horizontal or gently undulated, while the Jurassic 
and Triassic formations are strongly folded. Therefore the principal phase of 
crustal movement in this part of Southeastern Asia must be in the Cretaceous 
or late Jurassic period. 

The Hong Hoi greenish grey shale containing the Carnic Halobiae are dis- 
tributed at some places between Lampang and Chiang Rai, presumably on the 
east side of a tectonic boundary between the western and median tectonic zones 
of Thailand. In further northeast in High Laos Horrer has shown that the 
boundary in question is a thrust of the Burma arc on the North Laos arc. It 
is further a remarkable fact that a similar Carnic shale occurs in the southern 
part of Peninsular Thailand which the senior author thinks to belong also to the 
median zone. Then the Carnic Hong Hoi shale as well as the Middle Triassic 
Doi Chang shale are two important members in the stratigraphy of Thailand. 

None of the above Triassic fossils has as yet been described or illustrated. 
Though the material which the authors examined is small and imperfecet, the 
above statement is documented with its palaeontological description. Here the 


authors record their warmest thanks to Mr. Saman Buravas for the supply of 
the interesting material. 


Genus Daonella Mojsisovics 
Group of D. pichleri 


1. Daonella (?) ex gr. D. pichleri Mojstsovics 
Plate IV, figure 8 


A fragment of a right valve at hand is provided with stout, straight, simple, 
regular and round-topped ribs, widest in middle and narrowing backwards 
though still distinct. The ribs suggest the greater possibility of being a Daonella 
rather than a Halobia. If so, it may belong to Kirrt’s pichleri group, although 
its outline is unknown. Its ribs closely resemble those of pauli Kirti from the 
Ladinic of Bukowina, but the anterior flattened subhinge area is not so wide as 
pauli. If the area is absent, it may be related to reticulata or pichleri. 

Occurrence :—Greenish grey shale in stream cutting near 60km. on Lam- 
pang-Chiang Rai Highways, northwest Thailand (TF 4). According to Buravas 
this is in the same horizon with the Hon Hoi shale containing ammonites and 
Halobia. ‘This specimen has been thought a Halobia. fi 
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2. Daonella sumatrensis VOLz 
Plete IV, figures 5-7. 
899. D. sumatrensis VOLZ, Z. Deutsch. Geol. Ges., Bd. 51, S. 30, Taf. 1, Fig. 2, 3. 


Description: —Shell small, subovate, obliquely elongated and longer than 
high. Hinge straight, long, rounded at anterior end and obtusely angulated at 
posterior end. Umbo prosogyrous at about anterior 1/5. Ribs simple, fine, 
present only in postero-ventral part; Posidonia-like stage long; concentric wrin- 
kles distinct through surface. 

Observation and comparison:—A nearly complete specimen (MM _ 3559/1, 
fig. 1) is 7.3mm. long and 4.1mm. high; several fragmentary specimens similar 
in size, all somewhat compressed. The ribbing, outline and dimension assign 
this form to Carnic swmatrensis Vowz, although ribs are somewhat finer, weaker 
and a little more than the typical form. Among Japanese species hiratai is the 
closest, but shorter and has a less prominent umbo. 

Occurrence : —Several shells in a small slab of fine greenish grey clayslate 
from a tributary of Khlong Mak, Na Takwi, Songkhla near Malayan Border 
(S 1017/1938). Vorz’s is coexistent with 4 Halobiae and lies below the styrica- 
cassiana zone in north Sumatra. 


Genus Halobia BRowN 
Group of H. styriaca 
4. Halobia cfr. styriaca by KRUMBECK, 1924. 
Plate IV, figure 10. 


1924. Halobia styriaca, KRUMBECK, Pal. Timor, 22. Bd., S. 132, Taf. 187, 
Fig. 8; Taf. 188, Fig. 10 


A photograph of Halobia sent from Buravas closely resembles styriaca from 
Timor. It is characterized by subrounded outline, short hinge, regular and later 
bifurcating ribs and flattened posterior subhinge area. In comparison with 
typical styriaca it is more rounded and has a shorter hinge and more ribs. RENz’s 
Greek form (1906) has a longer hinge and Vorz’s Sumatra form (1899) bears a 
smaller number of ribs. KRumpeck’s Timor form is closest, although ribs are 
more numerous and more regularly bifurcated in it. Together with Timor 
form, it can be separated from the typical Alpine species at least in subspecific 
rank. 

Occurrence: —Greenish shale at railway cutting between Pong Pui and Phau- 
kho, east of Lampang (TF 167). It is correlated to Hong Hoi shale. 


Group of H. comata 
3. Halobia cfr. comata BITTNER 
Plate IV, figure 9. 


1899. Halobia facigera BITTNER, Pal. Indica, Ser. 15, Vol. 3, p. 45, pl. 7, fig. 15. 
1899. H. comata BITTNER, ibid., p. 46, pl. 7, fig. 13. 

1899. H. cfr. comata BITTNER, ibid., p. 47, pl. 7, fig. 16. 

1908. H. comata, DIENER, ibid., Vol. 5, p. 47, pl. 3, figs. 2-4. 
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1912. H. fascigera, KITTL, Halobiidae usw. S. 1571. 
1912. Hi. cfr. comata, KITTL, ibid. 8. 156. 
1912. H. cfr. comata, MANSUY, Mem. Serv. géol. de lV’ Indochine, Tom 1, No. 1, pt. 2. Pp. 


130, pl. 24, fig. 6. 

A laterally compressed right valve beside fragments is more or less diagonally 
elongated; umbo prosogyrous, at anterior 2/5 of hinge. Anterior ear wide, 
gently inflated and divided into two parts; dorsal part narrow and concave, while 
ventral is wide, inflated and defined by a distinct furrow. Ribs very fine, simple, 
narrow and not flexiate and weakened posteriorly. Concentric wrinkles distinct 
in young. ‘ 

Due to compression postero-median ribs look finest; anterior ones widest ; 
concentric wrinkles most distinct in antero-median part. A posterior subhinge 
area is fairly wide and provided with or without faint ribs, but whether it is 
secondary or not is a question. 

Comparison: —This species was originally described from the Carnic of the 
Himalaya. According to Kirtv his comata group is nearly equilateral, but Timor 
collection comprises various forms as KRUMBECK (1924) included oblique fascigera 
in it. Thailand specimens are more or less oblique and higher than others, 
although they are laterally compressed. The ribbing and ear safely assign them 
to comata. If their posterior area is original, they are related to H. cfr. super- 
bescens by KrumBeck from Timor, or Mojsisovics’ original form from Hallstatt. 
. KRUMBECK’s is somewhat different in the shape of anterior ear. 

Occurrence: —Same as the preceding (TF 167 by Buravas). 
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Plate I 


Explanation of Plate I 


Figs. 1,2: Daonella indica BITTNER cade. owe aap deeespasedde les ccisaensrsioe vasa ese eae ae aetna neater p. 14 
1: Left internal mould (MM 3495), x1; 2: right internal mould (MM 3478) showing 
arcuate ribs, x1; loc.: Zohoin. 


Big.3)3: 3 Daonella cin. spitiensis BIT NER armeee sane eens rene ae tes saat alge ee nee eee |e) 
A right internal mould (MM 3496), 1.5; loc. : Zohoin. 
Figs. 4,5: Daonella alta YABE and SHIMIZU ......00.0sssvessesescesseeteereeeesreeseenesssecessacegees jee Bel 


4: Gypsum cast of a right external mould (MM 3476), X1.5 
5: a left internal mould with arcuate ribs (MM 3474), x1; loc.: Zohoin. 
Figs. 6,7: Daonella subquadrata (s. s.) YABE and SHIMIZU ...........02...0cecenescneseaesecverse p. 19 
6: Full grown specimens (MM 3516), x1 
7: a left internal mould (MM 3517), obliqu form, x1; loc.: Zohoin. 
Figs. 8-11: Daonella subquadrata symmetrica KOBAYASHI and TOKUYAMA........:..c.0.00 p. 19 
8: Holotype (MM 3525), clay cast of a left external mould, x<1.5 
9: gypsum cast of a right external mould (MM 3526), x1.5 
10: a right internal mould (MM 3527), x1 
11: a left internal mould (MM 3528), x1.5; loc.: Zohoin. 
Figs.12,13: Daonella subquadrata zohoinensis KOBAYASHI and TOKUYAMA ............... p. 19 
12: Holotype (MM 3510), a left internal mould, x1; 
13: a right internal mould (MM 3511), x1; loc.: Zohoin. 


your. Fac. 5ei., Univ. Pobyo,. Sec. 1h,°V ol. 11, Pt. 1, Plt, 
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Plate II 


Explanation of Plate II 


Figs. 1,2: Daonella indica BITTNER ..scic-..scosersseesnseabsessconseeatnenses snr iupsnqtecus iss auaeueniaet p. 14 
Immature left valves; 1: (MM 3486), X2; 2: (MM 3480), x3: loc.: Zohoin. 
Figs. 3-6: Daonella Rotoi MOJSISOVICS <i0....0+0ccsseecsesser eset sevens oes ne-oe1snespameneyous fete ssemeel p>,l6 
3: Holotype, clay cast of the right external mould (MOISISOVICS’ nee of Taf. 2, Fig. 
Sass 


4: a left internal mould (MM 3487) with natrow ribs, x1. 
5: a right internal mould (MM 3488) with wide ribs, x1. 
6: an immature left valve (MM 3489), x2; loc.: Zohoin. 


Fig. 72 Daonella-kotot MOJSISOVICS Varec.w.cn-o-0- sere ones ee res s<seee nee aren sere see ply 
A variety (MM 3507) with trifurcate ribs, X1.5; loc. Kuroiwadani near Ino. 
Fig8: Daonella sakawnd NMOISISOVICS Wee seonee sa cdease sce soe ee seeeeecs se eee ee eee Scapa Ae 


Holotype, modeling cast of the MOJSISOVICS’ type specimen of Taf. 2, fig. 4 (MM 
5002), x2; loc. :*Zohoin. 
Figs. 9, 10: Daonella ‘Subquadyata YABE and SHIMIZU .....0.::..00.-..0s:s4koaess c2epsses pee p. 19 
9: Immature forms of subquadrata (s.s.) and zohoinensis, MOJSISOVICS’ type specimen 
of sakawana (MM 5003), (Taf. 2, Fig. 5), x2; loc.: Zohoin. 
10: an immature right internal mould’ of subquadrata (s.s.) (MM 3518), x2; loc.: 
Koretomo near Ino. 


Fig. 12: Daonella pectinoides KOBAYASHI and TOKUYAMA ........e0cceccceeceteneceeeeeceee ences p- 20 
Holotype, (MM 3532), right internal mould, x2; loc.: Zohoin. 

Fig. 13: Daonella asymmetrica KOBAYASHI and TOKUYAMA  .......00cc0.ccccceccee ceceeeeeees p. 22 
Holotype, (MM 3534), left internal mould, x2; loc.: Zohoin. 

Fig. 14: Daonella hiratai KOBAYASHI and TOKUYAMA «csc. ssescnscasecsecsin-eugeeueensoe eee p. 22 
Holotype, (MM 3535), open internal mould, x2; loc.: Zohoin. 

Fig. 15: Daonella twayat KOBAYASHI,and TOKUYWAMA,<...c--cse-cscstvanpe: cic ta oe nee p. 45 


A fragment of an external. mould (MM 3498) showing furrows of 3 aaa Xs Joe. 
Zohoin. 
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Daonella in Japan 


Plate III 


Explanation of Plate III 


Fig: 1: Daonella kotot:MOJSISOVICS. sos. bisesep sc snipes se aaionso setts eens ot cute pee en tae eae p- 16 
A left internal mould (MM 3503), x1; loc.: Tsuzuradani at Usugatani in the Saku- 
radani region; HASHIMOTO coll. 


Fig. 2: Daonella yoshimurari KOBAYASHI © ...:icsseccsccensescogersoadenees reese uuenu danepansuvoge-sue jor 
A left valve (MM 3472), x4;  loc.: at a roadside between Shirogawara and Minami 
Omine. } 

Bigs3%4° Daonellasindica BIVTNERS cucu sarttceds evnes mane ance asenaae etree eee Sere ae eae ener p. 14 


3: A right valve (MM 3538), x1; loc.: Makio at Usugatani. 
4: a deformed left internal mould (MM 3539), x1; Naise at Junisha in the Sakuradani 
region; HASHIMOTO coll. 


Fig. 5: Daonella subquadrata zohoinensis KOBAYASHI and} TOKUYAMA  ...........0b60-0000 p. 19 
Immature specimens (MM 3514) showing Posidonia-like stage, X3; loc.: Koretomo. 

Fig. 6: Daonella pectinoides KOBAYASHI and TOKUYAMA  ........cceeceeeeeeeueeseecueeeeecneees p.iZl 
A left valve (MM 3533), x5; loc. Koya-Mizo; HASHIMOTO coll. 

Bigne/4 Daonella multistriata® VABEY and (SHIN UAU nae ieecne casters omen aaa eee eee p. 20 


Holotype, modelling cast of the YABE & SHIMIZU’s type specimen of pl. 11, fig. 12, 
(MM5004), x1; loc.: Rifu, Tohoku Univ. coll. 


Figs. 8,9: Daonella iwayai KOBAYASHI and TOKUYAMA o.......ccccceecseceeececeeseeeeeeeeeeees p15 
8: Holotype (MM 3497), left internal mould, x1: Tsuzuradani at Usugatani ; HASHI- 
MOTO coll. 
9: A fragment of a full grown specimen (MM 3481), x1; loc. : Kuroiwadani. 
Fig. 10: Daonella tenistriata KOBAYASHI and TOKUYAMA  .iccccccecccccescecsuececcuseecenneeees p- 13 
Holotype (MM 3473), clay cast of an open specimen, <1.5; loc. : Zohoin. 
Figs. 11,12: Sakuradani specimens showing the mode of deformation. .............-000ece000s p. 14 


11: D. indica (MM 3540), X1; loc. Tsuzuradani, Usugatani; HASHIMOTO coll. 
12: D. indica and subquadrata (MM 3531), x2; loc. Junisha. 
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Daonella in Japan 
and 
The Halobiidae from Thailand 


Plate IV 


Explanation of Plate IV 


Fig. 1: Daonella indica BITTNER... MO ene isen. cere aire teaes eerie re ta pee een ene hee eee p: 14 
A laterally compressed right valve (MM 3485), x1; loc. Tsuzurazaka at Usugatani in 


Sakuradani region. 


Figs: 2;3: Daonella kotor MOJSISOVICS:..nec-runss sae see eee eee eee eee anne ae eee ene en eee p. 16 
Laterally compressed right valves (MM 3505, 3504), x2; loc. ditto. 
Bigs 4: Daonella iwayat KOBAYASHI, and) TOKUYAM AG. ces ape erate eee ete eee eee p, 15 


A right valve (MM 3537), showing the manner of defermation; x1, loc. ditto. 


Bigs. 5~7:> Daonella sumatrenst§ VOL@. We. Mite doce odsdes oa. tte se esas eae eadoasoseisoge ae p. 29 
Clay casts of left valves (figs. 1 & 3) and a right valve (MM 3559/1-3), <3; loc.: Tri- 
butary of Khlong Mak, Na Takwi, Songkhla near Malayan Border (S 1017/1938) 
Pig. 8: Daonella(@) ex gr. Ds Pichler: MOJSISOVACS ean cuse sn eeeeee sees se eee p. 28 
A clay cast of a right external mould (MM 3561), x1.5. Loc.: At a stream cutting 
near Km. 60 on Lampang-Chiang.-Rai Highway, northwest Thailand. (TF 4). 


Bie..9 Halobia ir. Coniatiie DIT Ne ae eee eee eee eee eee ee eee eee ee p. 29 
A clay cast of a right external mould (MM 3560); x1. loc.: At a railway cutting 


between Pong Pui and Phaukho, east of Lampang (TF 167). 
Bis. 10: Halobravetr. styriaca by AGRUMBECK wae aeae sat oor ape nee nate eee eee ene eee p. 29 
A photograph sent from BURAVAS; loc.: ditto. 
All illustrated specimens except fig. 10 are kept in the Geological Institute, University of 
Tokyo. 
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LOWER LIASSIC LAMELLIBRANCH FAUNA OF THE 
HIGASHINAGANO FORMATION . 
IN WEST JAPAN* 
By 
Itaru HAYAMI 


With Plates V—VIII. 


Abstract 


The lower Liassic Higashinagano formation in Yamaguchi Prefecture of West Japan can 
be stratigraphically divided into five members, namely, basal conglomerate, Cardinia toriyamai-, 
Prosogyrotrigonia inouyei-, Oxytoma-sandstones and Coroniceras(?)-bearing sandy shale. In 
this paper are described the pelecypods in the sandstones which were only partly reported by 
YEHARA (1921), TORIYAMA (1938), KOBAYASHI and MORI (1954) and HAYAMI (1957). The 
predominant genera in this formation are Parallelodon, Grammatodon, Oxytoma, Chlamys, 
** Aequipecten,”’ Entolium, Plicatula, Plagiostoma, Ctenostreon, Liostrea, Prosogyrotrigonia, 
Cardinia, Praeconia, Sphaeriola, Lucina (s. 1.) and Protocardia. Oxytoma inequivalve, O. cf. 
cygnipes, Chlamys textoria, Entolium cf. caluum, E. cf. lunare, Praeconia cf. tetragona 
and some other forms are identical or comparable with foreign species from the Lias (mainly 
lower) of Western Europe and some other areas. No species of this fauna is common with the 
coeval pelecypods of the Niranohama formation in Northeast Japan and the lower Kuruma 
group in Central Japan. ‘The faunal difference may be partly dependent upon the different 
sedimentary condition but can be properly attributed to the more or less isolated biogeography. 
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Introduction 


In the western part of Yamaguchi Prefecture (Province of Nagato), West 
Japan, is seen a splendid sequence of Lower to Middle Jurassic marine sediments, 
which has been called Toyora group and regarded as one of the most complete 
Jurassic standards in this.country. Since Yokoyama (1904a) had described 
several ammonites from this district, KoBayAsut (1926) divided it stratigraphically 
into four formations, namely Higashinagano, Nishinakayama, Utano and Nanami 
ones in ascending order. Subsequently the last was excluded from the Toyora 
group (s. s.) by Torryama (1938). Still later Matsumoto and Ono (1947) ac- 
complished the zoning of its main part by means of ammonites, whose generic 
identification was partly emended by Arkett (1956). Guide fossils are, however, 
rather scarce in the Higashinagano formation mainly composed of neritic or 
littoral sandstones, although pelecypods and gastropods are fairly common at 
some horizons. The palaeontology of the Higashinagano fauna had been com- 
menced by YEHARA (1921) with Trigonia inouyei, which was recently referred to 
Prosogyrotrigonia by KoBpayAsut and Mort (1954). Torryama (1938) listed Leda, 
Pecten (Syncyclonema), Lima, Myoconcha, Cardinia and Astarte as the members 
of the fauna, but they remain undescribed except for a species of Cardinia which 
I (1958e) reported recently. Besides pelecypods, YaBe and Ecucur (1933) des- 
cribed Anabacia cyclitoides which was subsequently transferred to Chomatoseris. 
Matsumoto and Ono (1947) found Juraphyllites* (Harpophylloceras?) sp. in the 
lower part and Arietites (Coroniceras?) sp. in the upper part, and suggested lower 
Lias for the formation. The opinion was later upheld by Sato (1956) when he 
found a Vermiceras-like ammonite in KopayAsut’s collection. 


Table 1. List of Fossils of the Higashinagano Formation 


Pare 3 
ce) g 
Locality SI § s 
§ 80 3 
= a 
< 3 5 
a el s, 
Species ene - a 
rate sl tpa | sae 5] 6| 7 | 8 | 9 
Pelecypoda 
Nuculopsis (Palaeonucula) sp.i..ccccccccssecccacecccenesces R 
Nuculana (Dacryomya) toriyamae, n. Sp. ...cceceeeee R R 
Parallelodon infraliassicus, ni. 8p. ...ccccceceeeecccsseeces G 
Parallelodon cf. infraliassicus....cc.cccccccuececescecceseee R 
Parallelodon (?) subnavicellus, h. sp. ......ccccceceeee R 
Grammatodon toyorensisy Di. SP. ....cccccccecccceusseeecees G 
Modiolus magatamas De SPs vossecccccccsercssveeesersaranes R R 
Meleagrinella japonica, n. SP......ccccecccsesseseeseveceees R ? R/|R 
ORO CEE TEPOS: Be NEN nna fh cacvscvnssncennlaeeneeeenes R 


* =Rhacophyllites auct., non ZITTEL, 1884. 
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Hexacorals 


Oxytoma kobayashii, n. sp. cccccccccccccccceseceessecerssees 
Oxvtoniammegutvatoe 5.300. .i00seludpseis cach seasuiapeddecers 
CPianaps terteriass.. mics iicsh iaaelen désciia ae. 
“Aequipecten”® toyorensis, 2. sp. .....ccccceccseseesceess 
RAE ROR CD PUGS) PONT BO hacen ws Sedo Waavins 
Ne Coe i ee 
a en a 2 Te 
PORIRME SERS os SE es Reo wnccoaxecs Rosen hess 
rT a ly Me ee Eg oy SE 
PRGAHE SUDCUSULATIS, Th. SP. <i e.sscsvseoe0segsewaagae® 
Plicatula praenipponica, n. sp. .....cccccccccecceceenenees 
BL LIM, SUE IGG Gan vera eee ho teeiee cece vous qeeckcnevcc ost 
Plagiostoma kobayashii, n. sp. .....ecccccccccsseceeeceees 
Plagiostoma matsumotoi, N. Sp. .......cccveccecee veceeees 
MCLEE SEOUL BS Merwe pores fe Ao a cas casas sass so Sees a 
ARTigiilimZa, NABALOENSISs TL. Sp vcasupsivvocecssnefierson ee 
CLEROSET EON FA PONICUTIs We SPsccs de s.nss0siecesscbanssocenae 
CLARO ST CONBS Dares aries Se oa eae vais oduieadssoeacteaetr eee 
EFOSC LOW OTST Se ST CMV e A ain -s'n's aoionssinaeinadcevesnecoet 
TPE SA PEROMLL Bhai cp ci daells) dost os eiaisjoasoe Sse senr ens 
POSOR STOUT CONIA MINOUNEL. cnapacettsssasmenaiatconrasmanectes 
CCRC UA. O1ACEAIS BI ASD sport cniuclesededeelens ane nenisoaseth 
COP ACRE LOGI ATIVE a oie eens «onisttindadlenccteeces seer es 
PTACCONIG! CYMCELNALONGA sites et eee dns eeasseede nse seaaeeins 
VASTOTTC 2A Sade ieacisesei te satel Seae decetnseadeaanises aii caateess 
VAST RLeAD YS Peis aes oo e eect «4 bate Diakatien ces Smenpesteas'ey 
AEE: SPS oP aewes ene a eee eee neh ws digesters onze 
SPNGET IGA SIP PONTE, MUMS Pe Phil. .tsaaipeose> detieaeas sae 
TEESCURGH (GRR) WA GASCTS) BLA SPIO WH ISICE Bas aie. « spedennele necteaiette 
Cardium (s. 1.) NAZANOENSE, NT. SP.......ecreeeeenscneerees 
T TOLOCATAUE ONOL, Ta SPs Lac vehescodesidenca's ce selestalsh do siacas 
PICU OTINE SDI care estrada aene tes dae e tees seen ca saeteae 
Gen. and sp. Wet. Airs. cc cracsmeivecc sos staeasestilenmee 
Gen, and ‘Sp. Indet. Doo... eo es ceeseensensrnesnscrsersenoss 
Gastropoda Spp. .......:.0:-0sccaceaeecnsccreernerererrnecssscssecs 
Scaphopoda spp. ...........-20c.ssessteeccreeeceneseeescscrearsonss 
FAMMIMONILS SPs cee 64a epessanec=s=ssacnececasinissasicaseisewssisea cone 
Brachiopoda sp. (Rimirhynchia) ......-s.s.scseeerseeeenreeens 
Brachiopoda sp. (terebratuloid) .........-.:.seseseeeeeeeeees 


Chomatoseris CyClitoides.......1.cccccsneeersnnecenereneneees 


Isastraeid gen. and sp. indet. ...........ceeseeeeeeereeee es 


Crinoid sp. (isocrinid) ...........ceeceeceeeeeee eee eeeeeeneeteees 
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QO 7 2 © 
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QP 
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Frequency :—C:: common, R: rare. 
Horizons :—Basal conglomerate (Loc. 1b), 


trigonia bed (Locs. 2, 3, 6, 7, 8), Oxytoma bed (Locs. 4, 9). 


Cardinia toriyamai bed (Loc.5), 


Prosogyro- 
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. Lately I. collected many pelecypods and gastropods from the Higashi- 
nagano formation at many localities, and the collection in this institute was 
greatly amplified. In this paper are described 43 forms in 28 pelecypod genera 
including 22 new species as shown in Table 1, and briefly discussed the biostrati- 
graphical, palaeoecological and palaeogeographical significances of this formation. 

Since most pelecypod 
specimens are represented 
by internal and external 
moulds, it iseasy to examine 
their hinge, other internal 
characters and surface orna- 
mentation. But simultane- 
ously it is hard to obtain 
complete external moulds ex- 
cept for several species with 
comparatively flat valves. 
Therefore, their complete 
outlines are properly given 
by internal moulds. Merit 
to arenaceous matrix thema- 
terials is almost free from 
secondary deformation, al- 

Km though their surface-marking 
————————— are sometimes difficult to 


A pat Rae ie , , 500 examine in detail. 
Fig. 1. Distribution of Lower Jurassic Rocks in Japan 
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Biostratigraphy 


The Higashinagano formation is mainly composed of sandstones of variable 
grain-size. Generally speaking, the basal part consists of conglomerates or coarse 
sandstones, and the grain-size becomes gradually finer upwards. Sandstones are 
sometimes fairly coaly, but usually quartzose, well sorted, massive, light-coloured 
and non-bituminous. Their matrix is occasionally fairly calcareous. The distri- 
bution of this formation is limited to a narrow zone from the west of Takayama 
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to Yuhara, and it may merge horizontally with bituminous rocks in the southern 
area of Tabe. (See Fig. 1) 

At Takayama the formation begins with a thin basal conglomerate contain- 
ing Ostrea (?) sp., Modiolus (?) sp., Lucina (s. 1.) hasei and some gastropods 
though most of them are too badly preserved to describe palaeontologically 
(Loc. 1). Prosogyrotrigonia inouyei and 
Chomatoseris cyclitoides occur in 
middle part (Loc. 2). 

There are two valleys at Higashi- __-/ Ishi 
nagano where most part of this 
formation is exposed. At the northern 
valley the base of unknown, but fine 
sandstones of middle part yield Mo- 
diolus magatama, Chlamys textoria, 
Entolium cf. caluum, E. cf. °lunare, 
Plagiostoma matsumotoi, Prosogyro- 
trigonia inouyei, Cardinia orientalis, 
Pleuromya sp. and Chomatoseris 
cyclitoides (Loc. 3). The superjacent 
hard fine sandstone yields Oxytoma 
inequivalve (Loc. 4). At the south- 
ern valley fossiliferous medium sand- 
stones rest clino-unconformably upon 
the ‘* Toyogatake phyllites’? which 
belong to Sangun metamorphic rocks. 
There is no basal conglomerate at Fig. 2: 
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PONS 
[sigh SSNs ct 
/Higashinagano 
tecyad® 
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: 2Km 
Gemeeerepraiierneeereset 
Index map of Fossil Locality of the 


the valley, and along the basal plane Higashinagano Formation in Toyora Asea. 
Plicatula subcircularis and Liostrea S: Sangun metamorphic rocks; 
toyorensis form a gregarious fossil H: Higashinagano Formation; 
bank.. It is directly overlain by mas- N: Nishmakayama Formation. 


sive grey medium sandstones which bears a striking lenticular fossil bed contain- 
ing Chomatoseris cyclitoides, an isastraeid, columnar stellates of an isocrinid, 
scaphopods, gastropods, an ammonite and the greater part of pelecypods which 
are described in this paper (Loc. 5). Prosogyrotrigonia inouyei is comparatively 
rare at this locality. The medium sandstones merge upwards with fine, light 
grey sandstones which bears occasionally Cardinia orientalis, Chlamys textoria, 
‘* Aequipecten”’ toyorensis, Entolium cf. calvum, Plagiostoma matsumotoi, Proso- 
gyrotrigonia inouyei and Chomatoseris cyclitoides (Loc. 6). 

The Toyogatake phyllites are overlain by a thick basal conglomerate con- 
taining numerous colossal boulders of the metamorphic rocks at a valley of 
Higashinakayama about 2 kilometers southwest of Higashinakano. From an 
overlying somewhat coaly sandstone several specimens of Nuculana (Dacryomya) 
toriyamae, Modiolus magatama, Meleagrinella japonica, Entolium cf. calvum, Pro- 
sogyrotrigonia inouyei and Cardinia toriyamai were found by TortyaMa and my- 
self (Locs. 7 and 8). It is uncertain which fossil bed at Higashinagano this 
corresponds to, but all species are common with the fauna at Loc. 3, 5 or 6. 
The overlying hard fine sandstone yields sporadically Oxytoma inequivalve, O. 
kobayashii, Plagiostoma sp. and ‘‘Lima’’ sp. (Loc. 9). Besides, some ill-preserved 
pelecypods were found at the north of Yuhara, but their specific identification 
is very difficult. (Loc. 10). 
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The stratigraphy and division of the Higashinagano formation at these three 
sections can be summerized as Table 2. 


Table 2. 
Takayama Higashinagano Higashinakayama 
Fine sandy shale Fine sandy shale Fine sandy shale. Coroni- 
ceras ? 

0g Fine hard sandstone. Oxy- Fine hard sandstone. Oxy- 
2. Not represented toma inequivalve toma inequivalve, Oxytoma 
=e kobayashii 
iS) 
og : z 
Ss Fine sandstone. Prosogy- Fine sandstone. Pr. inou- | _ Medium sandstone. Pr. 
© | rotrigonia inouyei, etc. yei, Cardinia orientalis, etc. | inouwyei, Cardinia toriyamai, 
tr etc. 
5 

Basal conglomerate. Lz- Medium sandstone. Car- Basal conglomerate 

cina hasei, etc. dinia toriyamai 


Since fossils are restricted to some narrow parts, it is difficult to carry out a 
biostratigraphical analysis by making a range chart of pelecypod species. The 
upper part is composed of fine sandy shale, which does not yield pelecypods. 
But in view of the lithology and predominant pelecypod species, this formation 
can be divided as follows. 


5... Coroniceras ?-bearing sandy shale sx... ....-...0sseeeeds- 4h ans miecssteven este beee were 50 m+ 

4. (Oxstoma-bearing fine hard! sandstone ......3.-tbeseebeet or o-bdedas ee ee ee eee eee 40-90 m 
3: Prosogyrotrigonia-bearing fine samdstone:... 2-1 .cse1ee -aee tenses sree see ege ee 30-40 m 
2. Cardinia toriyamai-bearing medium sandstone..............c1eseeeneceeecneeeeeenes 20 m 

i: *“Basal-conglomerate (sometimes ‘alysene)* a.cic.accsopacachianctodeancucswsacses caaveeees 0-40 m 


These five members correspond roughly to Nbc, Nbs, Nes, Nss and Nsh by 
Matsumoto and Ono (1947) in ascending order. Chomatoseris cyclitoides is very 
common in Cardinia toriyamai and Prosogyrotrigonia inouyei beds, but unknown 
in upper horizon. Matsumoto and Ono reported Juraphyllites (Harpophylloceras)? 
from Nbs (almost equal to Cardinia toriyamai bed in my division). The total 
thickness of this formation measures about 200 meters. If considered that it 
corresponds lower Lias, the deposition seems fairly rapid, but the value is 
moderate and not especially large for other Mesozoic basin deposits in Japan. 


Palaeoecology 


All the pelecypods in this formation are marine. Neither brackish nor 
fresh water element was found. Two. species of the Ostreidae and one of the 
Mytilidae contained are certainly also marine inhabitants. The mode of fossil 
occurrence is somewhat different among the fossil beds. In Cardinia toriyamai 
and Prosogyrotrigonia beds fossils are crowded and restricted to comparatively 
small lenses. Valves of pelecypods are never intact and often fragmental with 
water-worn surface. Apertures of gastropods are often broken. Chomatoseris 
cyclitoides is abundant in the fossil beds, and their reverse situation seen as 
often as normal one. Therefore it is reasonable to consider that the sedimen- 
tation occurred under a certain littoral or neritic condition where sea water was 
more or less agitated by waves or beach currents. 

As supposed from colossal boulders of phyllitic rocks in the basal conglome- 
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rate, the Sangun metamorphic complex formed a somewhat steep shore line at 
that time, and the Liassic transgression occurred grandually from the north- 
western direction. In Oxytoma and Coroniceras? beds fossils occur rather sporadi- 
cally. They are also allochthonous, but the sedimentation may have been 
carried out under more off-shore and calm condition in view of the fossil-occur- 
rence and lithology. The arenaceous Higashinagano formation passes upwards 
into argillaceous Nishinakayama formation which yields middle-upper Liassic 
ammonites, aptychi, belemnites, inoceramids, posidoniids and some pectinids. 
Because of the absence of upper Sinemurian and lower Pliensbachian ammonite 
zones, Sato (1957) suggested a certain hiatus between the two formations, but 
there is no evidence of regréssion in this period. Anyhow, the Nishinakayama 
formation shows more offshore and* calm deposition than Higashinagano. As 
noted by Matsumoto and Ono (1947), the Nishinakayama ammonite fauna 
comprises many genera characteristic of the Tethys region. The presence of a 
colonial hermatypic hexacoral and predominance of tropical pelecypod genera 
(in Recent seas) such as Plicatula and Fimbria indicate that the temperature of 
sea water was fairly warm. 


Significance of the Fauna 


1. General Remarks 

The Higashinagano fauna under consideration comprises more than 40 
pelecypod species. Besides, several gastropods, scaphopods, ammonites, brachi- 
opods (including Rimirhynchia*), a crinoid (columnar stellates of an isocrinid) 
and hexacorals are found in association. Since no strict time-indicator is found 
in my collection, I do not intend to say the age of the fauna. But it is notic- 
able that several pelecypods are identical with or closely related to some Liassic 
(properly lower Liassic) species hitherto known in Europe, northern Africa or 
Canada. No Triassic (inclusive of Rhaetic) element is found in the fauna. The 
generic assemblage is quite different from those of the Upper Triassic in Japan 
and its surroundings. On the contrary, the presence of Grammatodon, Melea- 
grinella, Plagiostoma, Antiquilima, Ctenostreon, Praeconia etc. suggests that this 
fauna is not older than Rhaetic. These facts coincide well with the chronology 
suggested by Matsumoto and Ono based on the occurrence of Juraphyllites 
(Harpophylloceras?) and Arietites (Coroniceras >?) in this formation. 

It is certain that the Higashinagano formation is almost coeval with the 
lower parts of the Shizukawa and Kuruma groups respectively in northeastern 
and central Japan. The upper part (Trigonia-sandstone) of the Niranohama 
formation in Shizukawa and Hashiura areas has been considered Hettangian on 
the basis of Yebdisites belonging to the Alsatitinae (Matsumoto, 1956) and an 
Alsatites-like ammonite (Sato, 1956). The overlying arenaceous shales of the 
Hosoura formation yield Arnioceras and later ammonites (SATo, 1957). As to 
the Kuruma group, the lowermost dated horizon is upper Pliensbachian in- 
dicated by Amaltheus and Canavaria (SATO, 1955), and there are more than 
4,000 meters’ thick strata below the horizon (KoBayAsHi et al., 1957). Generally 
speaking, Liassic pelecypod-bearing rocks in Japan can be classified roughly into 
three facies, namely bituminous (bakevelliid-eomiodontid) facies, sandstone (tri- 
goniid) facies and sandy shale (ammonite-inoceramid) facies. The Higashinagano 


* I thank Mr. A. TOKUYAMA of the University of Tokyo for his identifying of this 
brachiopod. Rimirhynchia has been known chiefly from the Lias of Europe. 
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formation is not very rich in trigoniids, but the mode of fossil-occurrence, as- 
semblage and lithology bear many alliances to the “Trigonia-sandstones” which 
are commonly seen at several horizons of the Jurassic in Northeast Japan. 
Bituminous facies is not represented in Toyora area. 

The predominant pelecypod genera in this formation are Parallelodon, 
Grammatodon, Oxytoma, Chlamys, “ Aequipecten,” Entolium, Plicatula, Plagiostoma, 
Prosogyrotrigonia, Cardinia, astartids, Lucina (s.1.) and Sphaeriola. Characteristic 
genera of Japan are commonly found in the bituminous facies of the Shizukawa 
and Kuruma groups, but scarcely in the present fauna. In this respect, the 
faunas of sandstone facies, in general, bears more cosmopolitan charater than 
other facies. The tendency agrees well with the fact on the Middle Jurassic 
Aratozaki fauna (Hayamr, 1959b) and the Upper Jurassic Soma fauna (TAMURA, 
1959, MS). 

2. Comparison with the Pelecypods of the Shizukawa Faunal Province. 

No common pelecypod species is found between the Higashinagano and 
Niranohama formations. This fact is probably in part due to different zoogeo- 
graphy between the two areas, if considered that they were distant from each 
other for more than 1,000 kilometers, as they are. The lower part of the 
Niranohama formation is composed of bituminous black shales and sandstones. 
The pelecypod fauna there is composed of Modiolus, Bakevellia, Isognomon, 
Geratrigonia, Eomiodon, Yokoyamaina, Thracia and Cuspidaria (YOKOYAMA, 1904b ; 
Kopayasot and Mort, 1954; Hayami, 1957 a, b, 1958 a,b, c,d; 1959 a). It is 
readily recognized that the sedimentary environment is different from this 
formation. But. the upper Niranohama formation is a striking “Trigonia-sand- 
stone” whose sedimentary condition was seemingly not very apart from this in 
view of the litho- and fossil-facies. This formation yield no trigoniid but for 
Prosogyrotrigonia inouyei. It is noteworthy that there are no. vaugoniids which 
in turn show acmaeic development coevally in the Niranohama formation.* Its 
comparable strata at Aikawazawa of Hashiura area bear an undescribed pelecy- 
pod fauna whose ecology is very similar to this fauna. In Monrt’s collection I 
distinguished Meleagrinella, Chlamys and Plagiostoma, though none is conspe- 
cific with those of this formation. It-is interesting that the change of bio- and 
litho-facies from the lower part of this formation to the upper is comparable 
with that from the upper Niranohama to the lower Hosoura formation. These 
two sequences in western and northeastern Japan must be almost coeval and 
show as a whole a transgressive period after the Rhaetic emergence called 
“Toyogatake phase” by Kopayasui (1941). In the mode of fossil-occurrence 
and assemblage in categories higher than generic, the Higashinagano is especially 
similar to the Aratozaki formation in Shizukawa area, although the age of the 
latter is interpreted as Bajocian. The formation yields in some similarly lenti- 
cular fossil beds Oxytoma, Entolium, Ctenostreon and some other common genera 
with the Higashinagano besides some ammonites, brachiopods and colonial 
hexacorals (Hayamr, 1959b). The resemblance may be due to the similar 
sedimentary condition. 

3. Comparison with the Pelecypods of the Kuruma Faunal Province** 

Between the Higashinagano and Kuruma pelecypod faunas there is only one 


* The acme of Vaugonia is found in the Dogger and later in Europe, but it appears 
much earlier (Lias) in Japan (KOBAYASHI and MorI, 1955). 

** Inclusive of the Iwamuro and Yamaoku formations whose pelecypod faunas are closely 
related to that of the Kuruma group. 
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comparable form, Entolium cf. caluum. Generally speaking, the Higashinagano 
formation is quite different from the bituminous rocks of the Kuruma group in 
lithology and hence they probably {differ also in sedimentary condition. As 
suggested by Kosayasut et al. (1957), the Kuruma group was accumulated ‘in 
an intermontane basin which formed a profound embayment. The presence of 
Amaltheus (Sato, 1955) shows that the Kuruma sea, at least temporarily, con- 
nected with the boreal ocean. The Kuruma pelecypod fauna comprising more 
than 45 species, which I described in papers of another series (1957 a-e, 1958 a, 
b, d) is composed of very different genera from the present one. The main 
constituent genera are Mytilus, Bakevellia, Isognomon, Radulonectites, Cardinioides, 
Eomidon, Crenotrapezium, Thracia and Cuspidaria (?) which are unknown in this 
formation. No trigoniid sandstone ds represented in the Kuruma faunal pro- 
vince, but the lower part of the Domerio-Toarcian Shinatani formation (Ks! in 
KopayAsui et al., 1957) and a sandstone at Kamikawara are exceptionally non- 
bituminous and lithologically comparable with this. Such sandstones yield some 
pectinids and oxytomids which are never seen in other horizons of the Kuruma 
group. It may be an evidence that the assemblage of the Liassic pelecypods in 
Japan are generally much dependent on the sedimentary environment. But 
considering that the ammonite faunas of the two districts are also composed of 
different elements from each other, the Toyora area probably belonged to the 
third faunal province different from the Shizukawa and Kuruma ones. 

Unfortunately no Liassic pelecypod fauna is known in the Outer Zone of 
Southwest Japan. But I expect that such a fauna, if discovered therefrom in 
future, is of similar generic assemblage to the present one of sandstone facies, 
since the Upper Jurassic Torinosu and Soma faunas bear many common genera 
with the Higashinagano and also cosmopolitan characters. 
4. Comparison with Contemporaneous Foreign Pelecypods 

Most of the Higashinagano pelecypods are new or indeterminable species, 
but several are identical or eae with certain foreign Liassic species as 
listed below. 


1) Nuculana (Dacryomya) toriyamae'is fairly similar to Leda texturata from the lower 
Lias of France and Nuculana (Dacryomya) graphica from the middle Lias of Crimea. 

2) Parallelodon infraliassicus is very similar to Parallelodon buckmani from the lower 
Lias of England. Parallelodon ( P) subnavicellus resembles Cucullaea navicella from the lower 
Lias of France. 

3) Ozxytoma cf. cygnipes is almost indistinguishable from O. cygnipes from the lower to 
middle Lias of Europe and Canada. O.ytoma inequivalve is said to be a cosmopolitan species, 
though its distinction from certain Dogger and later species must be further studied on circum- 
Pacific specimens. 

4) Chlamys textoria is also regarded as a cosmopolitan Liassic species. Its occurrence 
was hitherto reported from Morocco, Indonesia, Eastern Siberia, Mexico, Chile and Argentina 
besides Europe. 

5) “* Aequipecten” toyorensis is related to Pecten priscus from the lower Lias of Europe. 
“* Aequipecten”’ sp. resembles Pecten (Aequipecten) cf. semiarticulatus from the middle Lias 
of Morocco. 

6) Entolium cf. caloum and E. cf. lunare are certainly close allies to E. caluum and E. 
lunare from the lower Lias of Europe respectively. 

7) Plicatula praenipponica is fairly similar to P. daharensis from the middle Lias of 
Morocco, though specifically distinguishable. 

8) Plagiostoma kobayashii may be a close ally to Lima garlandica from the lower Lias 
of Alps, although some other similar forms are known in later horizons. « 
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9) Antiguilima is known from the Lias and Aalenian of Europe, though no intimate 


species to A. nagatoensis is found. 
10) Prosogyrotrigonia inouyei is related to P. timorensis from the Rhaetic of Timor, as 


noted by KOBAYASHI and MORI (1954). 

11) Cardinia is common in the Upper Triassic in Japan, but in Europe and other region 
its greater development is seen in the lower Lias. Cardinia toriyamai is somewhat similar to 
several species from the lower Lias of Europe and Siberia, as noted before. Cardinia orientalis 
resembles C. philea from the Lias of Europe and its comparable form from Crimea and (?) 


Indochina, 
12) There is a comparable form with Praeconia tetragona from the lower to upper (?) 


Lias of Europe. 


Because of the different state of preservation and slight morphological or 
dimensional differences, it is impossible to answer with certain confidence whe- 
ther these Toyora forms described under the same specific names are actually 
identical with foreign species. But they belong evidently to the same species 
groups. Since the distribution of these European species has not yet been clari- 
fied sufficiently in the eastern Tethys and Southeast Asia, it is difficult to deter- 
mine whether such morphological differences are attributed to “Formenkreis” 
within one species, geographical subspecies or distinct species. In the circum- 
Pacific region many :Liassic pelecypod faunas were announced from Indochina, 
Borneo, Timor, Molucca, New Guinea, New Caledonia, New Zealand, Lower 
Amur, North Alaska, Yukon, British Columbia, Alberta, Nevada, Mexico, Peru, 
Chile, Neuquen, Mendoza and Patagonia. The records of lower Liassic pelecy- 
pods are, however, still limited only to a few areas of them. Since the Upper 
Jurassic faunas bear many similarities to those of India, Somaliland, East Africa 
and Syria, the faunas of the Tethys region seem especially important for a study 
of this kind. 


Systematic Descriptions 
Family Nuculidae Gray 
Genus Nuculopsis Girty, 1911 


Type-species :—Nuucula girtyi SCHENCK, 1934, Carboniferous, U.S. A. 
(=Nucula ventricosa HALL, 1858, non HINDS, 1843). 


Subgenus Palaeonucula QUENSTEDT, 1930 


Type-species ;—Nucula hammeri DEFRANCE, 1825, upper Lias to lower 
Dogger, Europe (original designation). 


Nuculopsis (Palaeonucula) sp. indet. 
Plate V, Figure 1 


Six minute specimens are at hand. Shell small, trigonal, nuculiform, ine- 
quilateral with a fairly posteriorly located umbo, much longer than high, strongly 
inflated (MM _ 3350, right internal mould, 5.0 mm. long; 4.0mm. high; 1.5mm. 
thick); antero-dorsal margin about 1.5 times as long as postero-dorsal, nearly 
straight; both margins meeting each other at beak with an obtuse angle of 
about 105 degrees; hinge composed of an anterior and a posterior series of 
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taxodont denticles which are interrupted below beak; anterior denticles fairly 
stout, more than 9 in number; posterior ones much weaker and smaller in 
number ; chondrophore unknown; adductors not strongly impressed ; inner ven- 
tral margin smooth; surface smooth but for growth-lines. | 

Although QueENsTEDT’s original diagnosis of Palaeonucula (as a section) is 
inapplicable for typical Jurassic species (SCHENCK, 1934; Cox, 1940), the sub- 
genus may include most Jurassic nuculids*. Judging from the developed anterior 
denticles, smooth inner ventral margin and geological occurrence, this can be 
referred to the subgenus. Because of the coarse-grained matrix, the detail of 
hinge characters and surface markings are not preserved. Nucula navis PIETTE 
in TEROQUEM and PreTTe (1868) from the lower Lias of Paris basin has similar 
outline and dentition, but the dimensions of these specimens may be much 
smaller than that species. 


Occurrence :— Common in Cardinia toriyamai bed at Higashinagano (Loc. 
Je 


Family Nuculanidae 
Genus Nuculana Linx, 1807 


(=Leda SCHUMACHER, 1817) 
Type-species.—Arca rostrata GMELIN, Recent (monotypy). 


Subgenus Dacryomya Acassiz, 1840 
T ype-species :—Nucula lacryma SOWERBY, 1824, Dogger, Europe (by HERRMANNSEN, 1846) 
Nuculana (Dacryomya) toriyamae HAYAMI, new species 
Plate V, Figures 2, 3 
1938, Leda sp. listed by TORIYAMA, Jour. Geol. Soc. Japan, Vol. 45, No. 583, p. 251. 


Description :— Shell medium for genus, very inequilateral, equivalve, elon- 
gated and rostrated posteriorly, not strongly inflated, about twice or more as 
long as high, becoming gradually narrower toward posterior and sharply pointed 
at the extremity; anterior margin short, rounded, postero-dorsal long, broadly 
concave ; ventral broadly arcuate; umbo not very prominent, not strongly re- 
curved, obviously opisthogyrous, lying at about a third or a little more of shell- 
length from front; numerous taxodont denticles arranged along pre- and post- 
umbonal margins ; surface smooth except for faint concentric lines of growth; 
anterior adductor scar orbicular, clearly marked; pallial sinus unknown ; escut- 
cheon not impressed. 


i 


Measurement in mm. Length Height Thickness 
Holotype (MM, 3352) left in. mould 14.0 7.0 2.0+ 
Paratype (MM 3353) left ex. mould 16.0 7.0 2.0+ 


* COX (1940) and many authors regarded Palaeonucula as a subgenus of Nucula LAMARCK, 
1799, and FRENEIX (1958) as a subgenus of Nuculoma GOSSMANN, 1907. 


42 I. HAYAMI 


Observation and comparison :— Represented by six specimens showing internal 
and external characters. According to Cox (1940, p. 29), Ryderia, a group of 
Liassic nuculanids, is separable from Dacryomya by the more elongated rostrum, 
less prominent and scarcely incurved umbo and not impressed escutcheon. In 
the rostrate outline and other external features this species resembles Ryderia 
better than Dacryomya. But the name of Ryderia is said to have been proposed 
by Witton (1830) for a figured but. specifically unnamed shell. As the validity 
of the name as a subgenus cannot be warranted here, I refer it to Dacryomya 
provisionally. 

Nuculana (Dacryomya) doris (d’OrBIGNY, 1850) (Cox, 1936) (= Nucula complanata 
Gorpruss, 1836) from the Lias of Europe is specifically different from this in 
the more pointed and probably more flattened posterior rostrum. This is pro- 
bably a close ally to Nuculana (Dacryomya) graphica (TATE, 1870) from the Lias 
of England and the Pliensbachian of Crimea (PCEIINCEV, 1937), but the posterior 
rostrum may be more elongated in this species. This is also similar to Leda 
tenuistriata PIETTE and Leda texturata TERQUEM and PieTTe, 1868, from the lower 
Lias of Paris basin. The surface ornaments of this species are indiscernible 
probably because of the coarse matrix, but the concentric lamellae, even if 
present, are not so prominent as the French species. Moreover, the posterior 
rostrum seems more strongly curved upwards in this species. Besides, “ Nucula” 
figured by QuensTepT (1858, p. 55, pl. 5, fig. 14-1) from the Lias @ may be 
related, but the posterior rostrum is neither so curved nor so pointed at the 
extremity as the present species. Nuculana (Dacryomya) stendolichos K1MURA, 
1956, from the Upper Jurassic Torinosu group shows an outline of typical 
Dacryomya, and easily distinguishable from this in the more inflated and more 
elliptical shell-body and more strongly recurved umbo. 

Occurrence:— Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 
The holotype procured by Torryama at Higashinakayama (Loc. 8). 


Family Parallelodontidae DALL 
Genus Parallelodon MEEK and WorTHEN, 1866 


{(=Macrodon BUCKMAN, 1844 non MULLER, 1842; Beushausenia GOSSMANN, 1897) 
Type-species :—Macrodon rugosus BUCKMAN, 1844, Dogger, England (original designation). 


Parallelodon infraliassicus HAYAMI, new species 
Plate V, Figures 4-6 


Description:— Shell medium to small, quadrate, inequilateral with a slightly 
expanded posterior part than anterior, about twice as long as high, strongly 
inflated ; anterior margin gently arcuate, forming about 100 degrees with hinge- 
line ; posterior one sometimes fairly sinuated, meeting hinge-line with an obtuse 
angle; ventral margin subparallel to hinge or slightly prosocline, provided 
with a sinuation of variable depth in middle part which corresponds with 
median sulcus on surface ; hinge-line long, linear, occupying nearly shell-length ; 
umbo slightly rising above hinge-line, not recurved, lying at about two-fifths of 
hinge-line from front; dentition Grammatodon-like, asymmetrical, composed of 
two or three elongated subhorizontal posterior teeth, about six prosocline’ an- 
terior ones and several small opisthocline median ones; anterior and median 


Lower Liassic Lamellibranch Fauna of the Higashinagano Formation in West Japan 43 


ones subsymmetrically divergent from a point at base of hinge-plate just below 
beak ; cardinal (ligament) area very narrow; adductors weakly impressed, pallial 
line distinct, slightly sinuated near ventral sinus; surface marked with several 
irregularly spaced concentric growth-lamellae and numerous fine radial threads. 


SS 


Measurement in mm. Length Height Thickness 
Holotype (MM 3355) left in. mould atti 18.5. , 9.0 e 4.0 a 
Paratype (MM 3356) left in. mould PH as big a) faye) 
Paratype (MM 3357) left ex. mould 12.0 6.0 3.0 

Observation and comparison:— Represented by seven specimens which reveal 


clearly the surface-markings and dentition. In the non-alate outline this is 
somewhat different from typical Parallelodon composed of P. rugosus and P. 
hirsonensis, and can be included in Beushausenia of ARKELL’s sense. The hinge 
of this species seems also more or less deviated from that of rugosus (ARKELL, 
1930, p. 299, fig. 1; pl. 14, figs. 1, 2), for the anterior teeth are opisthocline and 
denticles not divergent from a point below the umbo in ArKeELt’s. Such a denti- 
tion as this species is commonly seen in P. buckmani Ricuarpson, P. keyserlingii 
(D’OrBIGNY) and many other Jurassic parallelodontids which were grouped by 
ARKELL (1930) as subgenus Beushausenia COSsSMANN,, 1897. ARKELL regarded the 
absence of posterior wing as a subgeneric criterion to distinguish it from Paral- 
lelodon (s.s.). Subsequettly Branson (1942) pointed out that the type of Beush- 
ausenia, Macrodon hirsonensis dD’ ARCHIAC, 1842, is assignable to Parallelodon (s. s.), 
and proposed Cosmetodon for Arca keyserlingii D’ORBIGNY by ARKELL (1930, pl. 
14, fig.9, 9a) as the substitute of Beushausenia in ARKELL’s sense. Cosmetodon, 
however, cannot be anyhow accepted as a substitute of Beushausenia COSSMANN, 
because of the different type species. Prior to Branson, Cox (1940) stated that 
the development of wing is fairly variable within one species of the living 
Arcidae. As to hingement, Cox* is of opinion that no generic distinction 
between P. rugosus and P. keyserlingii cannot be based on the hinge-teeth and 
other characters which are very similar in both species. In fact, the inclination 
of anterior and median denticles is somewhat variable within one species as I 
(1959 a) noted about P. niranohamensis Hayami, 1958c. 

In the dentition, narrow cardinal area and quadrate outline this is very 
close to Parallelodon buckmani (RICHARDSON) in ARKELL (1930, pl. 14, fig. 8) from 
the lower Lias of England. But the shell is smaller and slightly more elongated, 
the umbo being more posteriorly located and the posterior teeth much shorter. 
The ventral sinuation in buckmani is probably not so distinct as this species. 
Parallelodon niranohamensis Hayami, 1958c, from the Hettangian of North Japan 
is an almost coeval species and similar in the surface-markings. That species 
has, however, a much broader hinge-plate, more terminal umbo and more 
clearly impressed anterior adductor scar. This is somewhat similar to Beushau- 
senia (Areocucullaea) daharensis DuBar, 1948, from the Domerian of Morocco, but 
the cardinal area is much narrower than Dupar’s In one left external mould 
the median sulcus is considerably deep as if it belong to Torinosucatella TAMURA, 


* According to his personal communication. 
** Catella was originally established as a subgenus of Grammatodon, but NICOL (1954) said 


‘Tt is probably a parallelodontid.”’ 
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1959b. Torinosucatella was proposed as a subgenus of Catella Heatey, 1908,** 
but seems more related to Parallelodon than Catella or Grammatodon, judging 
from the presence of fine radial threads on the surface, elongated outline and 
the absence of posterior carination. 

Occurrence : Common in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Parallelodon cf. infraliassicus HAYAMI 
Plate V, Figures 7a, b 


Represented by a well preserved right specimen composed of external and 
internal moulds. Shell medium, about 2.5 times fas long as high (MM 3359, 
24.5mm. long; 10.0mm. high; 4.0mm. thick), well inflated, a little alate 
posteriorly; posterior margin slightly sinuated below posterior wing; ventral 
sinuation broad but indistinct; umbo located at about a third from front ; 
hinge same as typical infraliassicus. 

This is different from the typical form from the same fossil bed in the more 
elongated outline, posteriorly expanded shell and more anteriorly located umbo. 
The posterior wing is absent in the typical form but distinct in this. But if 
consider that the variability of outline is often great in one parallelodontid 
species, it is probable that this is merely a varietal form of the preceding species. 

Occurrence : —Rare in Cardinia toriyamai bed and Higashinagano (Loc. 3) 


Parallelodon (?) subnavicellus HAYAMI, new species 
Plate V, Figures 18, 19; Plate III, Figure 17 


Description : —Shell medium, inequilateral, elongated-ovate, modarately in- 
flatted, about 2.5 times as long as high (holotype, MM 3360, right internal 
mould, 41.0mm. long; 17.0mm high; 6.5mm thick); anterior margin broadly 
arcuate, rounded at the dorsal extremity; ventral one nearly straight, subparallel 
to hinge without ventral sinuation; posterior margin very oblique, not sinuated, 
passing gradually into dorsal margin without any angulation; umbo recurved, 
but not highly rising above hinge, lying at about a third of shell-length from 
front ; surface marked with fine concentric lamellae and numerous faint growth- 
lines; radial marking absent at all; hinge consisting of two rather weak sub- 
horizontal posterior and number of granular anterior and median teeth on a 
narrow hinge plate; no plate for adherence of posterior adductor; musculature 
and ligament structure unknown. 

Observation and comparison :—Represented by a specimen which is composed 
of right internal and external moulds. The outline and the absense of ventral 
sinus and radial ornamentation are very strange for Parallelodon. The hinge 
structure is, however, related to the genus. In fact, the obtuse postero-dorsal 
truncation reminds one of a cucullaeid, but the outline is too elongated and the 
hinge too asymmetrical to refer it to that genus. This is somewhat similar to 
Cucullaea wellmanni Marwick, 1953, from the Oretian-Otamitan (mainly Carnic) 
of New Zealand, judging from the outline, dentition and absence of ventral 
sinus and posterior wing. But this is distinguishable from that species by the 
rounded antero-dorsal extremity and subparallel ventral margin to hinge-line. 
Macrodon cf. curionii Bittner in TRECHMANN (1918), which is identical 
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with C. wellmani according to Marwick, has more Parallelodon-like outline 
and faint radial ornamentation. Cucullaea navicella TEROQUEM and PIETTE, 
1868, from the lower Lias of eastern Paris basin is very similar to this in the 
non-alate outline and the absence of radial ornamentation, and evidently con- 
generic with this. But the outline of the French species is not so elongated as 
this. Besides, Parallelodon banburyensis (SeeLey, MS) from the lower Lias of 
England may be related to this, judging from the description of external and 
internal characters by ARKELL (1930, p. 340). But it is said that faint radials are 
descernible near the ventral margin in that form. This seems to belong to an 
unnamed genus of the Parallelodontidae. 
Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5) 


e 


Family Cucullaeidae Fintay and Marwick, em. NIcoL 
Genus Grammatodon MEEK, 1860 
Type-species :—Cucullaea inornata MEEK and HAYDEN, 1858, Lias, U.S. A. (monotypy). 


Grammatodon toyorensis HAYAMI, new species 
Plate V, Figures 9-12 


Description: —Shell small, equivalve, inequilateral, roundly trapezoidal, 
strongly inflated, sharply carinated postero-ventrally, much longer than high; 
anterior margin broadly arcuate, subrectangular to hinge-line, passing gradually 
into venter; ventral margin not sinuated; posterior margin slightly concave, 
forming a small postero-dorsal wing, fairly abruptly turned into venter at a sharp 
carination which is gradually weakened towards ventral periphery; hinge-line 
straight, occupying almost whole shell-length; umbo rising highly above hinge, 
recurved, lying at about two-fifths of length from front; cardinal area moderate 
in breadth, provided with several chevron-like ligament grooves; dentition of 
typical Grammatodon, composed of a posterior series of three elongated subpara- 
llel teeth and anterior and median series of divergent granular teeth from a point 
below beak; the anteriormost tooth subhorizontal; no plate for adherence of 
posterior adductor; surface marked with several radial riblets and fine concentric 
lines of growth; radials very weak and densely spaced except for about five 
prominent ones distributed on each lateral area; surface somewhat lanceolate in 
postero-ventral area but concentric element much weaker in remaining part. 


eS 


Measurement in mm. Length Height Thickness 
Holotype (MM 3361) left in. mould 14.0 9.0 4.5 
Paratype (MM 3362) left in. mould 12.0 8.5 4.0 
Paratype (MM 3363) left ex. mould 15.0+ 8.0+ 5.0 


Observation and comparison: —Represented by 11 specimens. Although the 
postero-dorsal part is somewhat unusually auriculated, the small dimensions, 
dentition, sharp posterior carination, limited distribution of prominent radials in 
each lateral area and other characters coincide well with those of Grammatodon 
(s. s.) defined by Cox (1940). The ornamentation of right vee is unknown in 
detail, but this is not a member of subgenus Indogrammatodon Cox, 1937, which 
is characterized by the different mode of ornamentation on two valves and re- 


latively large dimensions. 
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In the ornamentation this is fairly similar to Grammatodon concinnus 
(PHILLips) and G. alsaticus (ROEDER) in ARKELL from the Oxfordian of England 
and also to G. andohouensis Cox, 1940, from the Bathonian of Cutch. But the 
posterior margin is more sinuated to form a more distinct postero-dorsal wing 
in these specimens, and the dimensions are much smaller. Grammatodon taktensis 
Kimura, 1956 (Tamura, 1959b) from the Upper Jurassic Torinosu group in 
Southwest Japan is also similar in the surface-markings, but differs from this in 
the less inflated shell and more trapezoidal outline. Grammatodon (Indogramma- 
todon 2?) nakanoi Hayami, 1958c, from the Hettangian of Northeast Japan is 
readily distinguishable from this by the presence of widely spaced and stout 
radials on the whole surface of left valve, less prominent postero-ventral carina- 
tion, non-alate outline and larger dimensions. Grammatodon (?) sp. in HayAmI 
(1958 d) from the Domerio-Toarcian of Central Japan differs in having lattice 
ornaments on the whole shell-surface and more elongated outline, although they 
are similar in dentition. 

In the Triassic there are several species hitherto referred to Grammatodon, 
but I think that they are not typical except for Macrodon otagoensis WILCKENS, 
1927. ‘This species is probably one of the oldest representative of Grammatodon 
(s. s.). Grammatodon inaequivalvis (GoLpFUSS, 1836) (ARKELL, 1930) is almost 
coeval with this, but it may be a primitive form of Indogrammatodon. 

Occurrence: —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Mytilidae FLEMING 
Genus Modiolus LAMARcK, 1799 
(=Volsella SCOPOLI, 1777; Modiola LAMARCK, 1801) 
Type-species :—Myytilus modiolus LINNE, 1758, Recent. 


Modiolus magatama HayAmMti, new species 
Plate V, Figure 13 


Description: —Shell small, modioliform, expanded postero-ventrally, well 
inflated ; shell-obliquity approximately 40 degrees ; hinge-line comparatively short, 
passing gradually into posterior margin with a rounded obtuse angle of about 
135 degrees; umbo not terminal; anterior margin rounded, projected to some 
extent beyond umbo; antero-ventral margin slightly sinuated near junction of 
anterior wing and main body; anterior wing roundly subtrigonal, occupying 
about a fifth of whole surface, defined from main body by an inconsipicuous 
sulcus; greatest convexity lying near center of valve; surface marked with fine 
concentric lines which are more or less regular in interval; hinge and dysodont 
teeth not observed, probably undeveloped; ligament structure unknown. 

Ce ee 


Measurement in mm. Length Height Thickness 
Holotype (MM 3366) left in. mould = (asti(‘it‘i‘s*‘«CN*WS 13.5 4.0 
Paratype (MM 3367) left ex. mould MUS 7.5+ 255 


Observation and comparison: —Three specimens are at hand. The holotype 
is the largest and reveals the complete outline. The paratype, though more or 
less broken, shows fine concentric surface-makings. This species is thus characte- 
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rized by the small size, short hinge-line, and regular concentric markings. It is 
somewhat similar to Modiolus minimus (SowERBY, 1821) (DuMORTIER, 1867; PFLi- 
CKER, 1868 ; ARKELL, 1933) from the Rhaetic of England. Compared with ARKELL’s 
from the pre-planorbis bed of Dorset, it it different in having less trigonal, more 
curved and elongated outline and less terminal umbo. PrtijcKer’s specimen has 
probably more irregularly spaced concentric lamellae. The shell convexity seems 
slightly stronger than the Rhaetic species. In the surface-markings it is allied 
to Mytilus tenuissimus TERoUEM and Pretre, 1868, from the Lower Lias Paris 
basin, but the outline is more slender and the anterior wing better defined than 
that species. 

Occurence : —Rare in Prosogyrotrigonia inouyei bed at Higashinagono (Loc. 3) 
and Higashinakayama (Loc. 8). 


Family Aviculopectinidae ETHERIDGE 
Genus Meleagrinella WHITFIELD, 1885 
(=Echinotis MARWICK, 1935) 
T ype-species :—Avicula curta HALL, Jurassic, U.S. A. (by GOX, 1941). 


Meleagrinella japonica HAYAMI, new species 
Plate V, Figurs 20-22 


Description: —Shell small, inequivalve, inequilateral, slightly prosocline, 
slightly longer than high; left valve strongly inflated, main body suborbicular ; 
anterior wing very small, scarcely defined from antero-dorsal part of main body ; 
posterior wing narrow but distinctly separated, protruded backwards, pointed at 
extremity; hinge-line short, straight; umbo small, suborthogyrous, situated near 
mid-length, rising slightly above hinge-line; surface ornamented with more than 
45 fine radial riblets, which increase their number by irregular insertion; con- 
centric. growth-lamellae fairly prominent; hinge-plate narrow; ligament structure 
unknown; right valve weakly convex, probably smaller than left, orbicular, 
provided with a narrow anterior wing and profound byssal notch below it ; umbo 
scarcely rising above hinge; surface apparently smooth. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3368) left in. mould 15.0 13.5 4.5 
Paratype (MM 3369) left in. mould 10.0 oro 3.0 
Paratype (MM 3370) right in. mould TS 8.0 15 


Observation and comparison: —Represented by internal and external moulds 
of three left valves and a right internal mould. Though the ligament structure 
is unknown, this is referable to Meleagrinella by the orbicular main body, un- 
developed anterior wing and surface ornamentation. IcHrKawa (1958) studied 
the shell-structure and ligament of Meleagrinella and included the genus in his 
new subfamily Oxytominae. Although no attempt has been made to reexamine 
the taxonomic position of many Jurassic species hitherto referred to Pseudomonotis, 
most of them are considered to belong to Meleagrinella. In the outline and 
development of the posterior wing resembles Meleagrinella echinata (SMITH) 
(SowERBy, 1819; Morris and Lycert, 1853; Pomprecky, 1901; Rotter, 1914; 
Douctas and ArKELL, 1932; Marwick, 1935; Cox, 1940, etc.), a famous, world- 
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widely distributed Middle Jurassic species. According to Cox (1940) the radial 
ribbing of echinata is fairly variable among Cutch specimens, but the present 
specimens have more delicate and densely speed radials than any of that species. 
This differs from Pseudomonotis ovalis (PHILLIPS) in ARKELL (1933) and P.maltonensis 
ARKELL, 1933, from the Corallian in the less oblique and more developed and 
and pointed posterior wing. Avicula substriatus Z1ETEN (GoipFuss, 1836; CHAPUIS 
and Dewatoue, 1853) from the Lias of Europe has also an obtuse posterior wing 
and more prosocline main body. Monotis olifex and M. papyria QUENSTEDT, 1856, 
from the lower Lias have more expanded areas and obtuse postero-dorsal ex- 
tremities, though the mode of radials seems fairly similar. 

Occurrence : —Rare in Prosogyrotrigonia inouyei bed at Higashinagano (Loc. 3) 
and Higashinakayama (Loc. 8). A similar form occurs in Y, beds of the Ya- 
maoku formation at Osakabe, northern Okayama Pref. (listed as Psewdomonotis 
n. sp. by Konisur, 1954). 


Genus Ozytoma MEEK, 1864 


Type-species :—Avicula miinsteri (BRONN nom. nud.) GOLDFUSS, 1836, Middle 
and Upper Jurassic, cosmopolitan (original designation) 


Oxytoma cf. cygnipes (YOUNG and Brrp) 
Plate V, Figure 14 


cf. 1822, Pecten cygnipes YOUNG and BIRD, Yorkshire, pl. 9, fig. 3. 

cf. 1839, Avicula cygnipes PHILLIPS, Illust. Geol. Yorkshire, I, pl. 14, fig. 3. 

cf. 1839, Avicula longicostata STUTCHBURY, Ann. Mag. Nat. Hist., N.S., Vol 2, p. 163 (non 
Strickland). 

cf. 1857, Avicula cycnipes DUMORTIER, Note sur quelques Fossiles, p. 7, pl. 4, figs. 1-4. 

cf. 1869, Avicula cycnipes DUMORTIER, Etudes pal. Dépots jura. Bassin du Rhéne III, p. 294, 
pl. 35, figs. 6-9. 

cf. 1957, Oxytoma cygnipes FREBOLD, Geol. Surv. Canada, Mem. 287, p. 67, pl. 16, figs. 1-5. 


Description of Toyora specimen (left valve) :—Shell medium for genus, inequi- 
lateral, not strongly inflated, thin, probably more or less longer than high (MM 
3371, left in. mould, 30.0-+mm. long; 26.0-++mm. high; 5.5mm. thick); hinge- 
line long, straight; anterior wing comparatively small, obtusely truncated ; 
posterior one wide, trigonal, protruded backwards, pointed at extremity; posterior 
margin broadly sinuated below posterior wing ; umbo slightly rising above hinge, 
lying at about a forth of hinge-length from front ; surface ornamented with seven 
narrow but highly raised primary radial ribs which insert some 30 faint tertiary 
riblets ; secondary ribs distinguishable from tertiaries in posterior half but much 
weaker than primaries; radials curved forwards in anterior area but almost 
straight in median and posterior areas; posterior wing smooth except for nume- 
rous tertiaries; primaries weakly plicated and impressed on internal surface ; 
growth-lamellae comparatively weak; hinge structure and right valve unknown. 

Observation and comparison :—Represented only by a specimen composed of 
left external and internal moulds. Its ventral peripheral part is broken off. 
This form obviously belongs to a certain infra-generic group altogether with some 
Rhaetic and Liassic species such as Oxytoma cygnipes (YOUNG and Brrb), O. sca- 
nicum (LUNDGREN), O. sp. in TRECHMANN (1923) and O. longicostatum (STRICKLAND). 
This group is characterized by the comparatively large size, small number of 
primary ribs which are clearly defined from secondaries and tertiaries in promi- 
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nence and often give rise to digitations of the ventral margin. Compared with 
O. scanicum (LUNDGREN) (TROEDSSON, 1951) from the Lias of Scania, the shell: 
convexity seems smaller and the interval of primary ribs not so sulcated. TRorp- 
SSON (1951) noted that the growth-lines between the ribs are concave in scanicum 
but nearly straight in cygnipes and longicostatum. Dumortier’s figure (1869) 
bears more alliances to scanicum than cygnipes in this respect. O. longicostatum 
(STRICKLAND) (ARKELL, 1933) from the “Rhaetic of England resembles this, but 
the tertiary ribs are probably weaker ahd sometimes small spines appear on 
the primaries in that species. This is most closely allied to O.cygnipes in 
FREBOLD (1957) from the Sinemurian of the Fernie group in Western Canada. 
The number of primaries is 5 or 6 in the Fernie form and 7 in the present 
specimen. The difference, however, cannot serve a specific distinction, since 
the number of costae is generally variable to some extent within one species of 
Oxytoma. 

Occurrence: —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 
O. cygnipes was hitherto reported from the Pliensbachian of Europe and the 
Sinemurian of Western Canada. The present specimen occurs from the basal 
part of the Higashinagano formation ane its age is assigned to be Hettangian. 


Oxytoma kobayashii HAYAMI, new species 
Plate V, Figures 15-17 


Description : —Shell small, very inequiualve, inequilateral, prosocline, much 
longer than high; left valve pteriform, strongly inflated; anterior wing well- 
defined, very small, trigonal, subvertically truncated; anterior margin in its front 
probably gaped, passing gradually into venter; posterior wing developed, well- 
defined, flattened, projected backwards beyond posterior extremity of main body, 
acutely pointed at end; posterior margin deeply sinuated below it; hinge-line 
straight, unusually long, extending over almost whole shell-length ; umbo located 
at about a sixth of hinge-length from front, recurved, prosogyrous, rising slightly 
above hinge-line; apical angle exclusive of wings about 80 degrees; surface or- 
namented with about 11 straight radial costae which are more densely spaced on 
both lateral areas than on middle part; posterior wing smooth; radials weakly 
impressed on internal surface; secondary ribs not observed; right valve weakly 
inflated, having a small, well-defined anterior wing of Oxytoma-type and pointed 
posterior one; byssal notch narrow but deep; surface smooth for numerous fine 
radial riblets; hinge and ligament structure unknown. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3372) left in. mould 16.5 12.0 4.5+ 
Paratype (MM 3373) left valve 9.5 8.0 220 
Paratype (MM 3374) right ex. mould 12.9 8.5 2.0 


Observation and comparison:—Four specimens are at hand. The subterminal 
umbo, small apical angle and elongated posterior wing are somewhat unusual 
for Oxytoma, and the outline and simple costation of left valve remind one of 
Pteroperna Morris and Lycett, 1853. In the strong inequivalveness and the 
byssal structure, however, this is referable to Oxytoma. The radials of Oxytoma 
are usually composed of more one two orders of promominence in left valve, but 
secondaries are indiscernible on the surface of the paratype (pl. I, fig. 16). This 
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is distinguishable from hitherto described species of Oxytoma by the small anter- 
ior wing, elongated and pointed posterior wing, subterminal umbo, long hinge- 
line and small apical angle. 

Occurrence: —The holotype belongs to an old collection of the Geological 
Institute, University of Tokyo, and other specimens were collected by KopayAsuI 
and myself from Ozytoma bed at Higashinakayama (Loc. 9). 


Oxytoma inequivalve (SOWERBY) 
Plate V, Figures 18, 19: Plate VII, Figure 17 
1819, Avicula inequivalvis SOWERBY, Min. Conch., Vol. 3, p. 78, pl. 244, fig. 2 (non fig. 3). 
1958, Oxytoma inaequivalvis ICHIKAWA, Palaeontogr., Bd. 111, p. 159, 161*. 
non 1959, Oxytoma cf. inequivalve HAYAMI, Japan, Jour. Geol. Geogr., Vol. 30, p. 57, pl. 5, 
figs. 6-11 (non inequivalue SOWERBY)**. 


Description of Toyora specimens: —Shell small for genus, pteriform, plano- 
convex, highly inequivalve, longer than high; left valve moderately inflated with 
a slightly salient umbonal region above hinge; anterior wing moderate in width, 
subtrigonal, subvertically truncated; posterior one projected backwards, pointed 
at extremity, but not protruded beyond posterior extremity of main body; hinge- 
line moderate in length; umbo located at about a fourth of hinge-length from 
front; apical angle exclusive of wingth about 90 degrees; surface ornamented 
with 14 or 15 straight radial primary ribs; secondary median ribs improminent 
or absent; tertiaries very weak; right valve having numerous faint radial threads 
and short radial furrows near ventral margin which may interlock with ribs on 
counter valve; hinge and ligament structures uuknown. 


Measurement in mm. Length Height Thickness 
(MM_ 3375) left valve 11.5 8.5 2.0 
(MM 3376) left valve 12.0 9.5 3.0 


(MM. 3377) right in. mould 8.0 5:9 0.5 


Observation and comparison: —Three left and four right valves are at hand. 
The left valves are somewhat variable in shell-obliquity and shell-convexity. But 
it may be due to an individuality within one species, since those characters 
generally vary among ontogenetical stages as I noted elsewhere (1959b). This 
form is clearly distinguishable from O.kobayashii from the same horizon in the 
weaker inflation of both valves, shorter posterior wing and larger apical angle. 
It belongs undoubtedly to ‘“‘Formenkreis der Oxytoma inaequivalvis’ by WAAGEN 
(1901) which appears to have lived from the Rhaetic to the Lower Cretaceous. 
The ‘‘Formenkreis’’ is one of the groups which have given rise to most differences 
of opinion as to taxonomy and nomenclature among Jurassic pelecypods. Wa- 
AGEN (1901), Rotier (1914), Gitter (1924), ArKELL (1933), Cox (1935, 1940), Dr- 
CHASEAUX (1938), TRoEDsson (1951) and some others discussed this problem. 
Oxytoma miinsteri (GotpFuss, 1836), the type-species fof the genus, has been 
regarded by the greater part of these authors as a synonym or merely a varietal 


* The synonymy, variability and distinction among inequivalve, miinsteri and their related 
forms were discussed. 

** The form should be renamed Oxytoma cf. miinsteri (GOLDFUSS) as noted in the post- 
script of that paper. 
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from of O.inequivalve, until Icutkawa (1958) clarified the specific distinction bet- 
ween about European material. ArkELL (1933) disignated the lectotype of ine- 
quivalve to the specimen (SowerBy, 1819, pl. 244, fig. 2, left) from the middle 
Lias of England. ‘‘The true Oxytoma inaequivalvis from the middle Lias of 
England has only 14 or 15 primary ribs (counting two minute ones at the ante- 
rior end), and there are no median ribs of a secondary order of magnitude in 
the interspaces, which are covered with very numerous and extremely fine radial 
threads or riblets (tertiaries)’’ (ARKELL, 1933, p. 195). IcHrkawa (1958) examined 
the ‘‘cotypes” of O. mdnsteri and clarified the radial ribbing of three orders of 
prominence. He said further about O. inequivalve (s. s.) preserved in British 
Museum, ‘‘In Bezug auf die radial Skulpture der rechten Klappe ist zu bemerken, 
dass auch das Original-Handstiick des Lectotypus eine rechte Klappe mit ausges- 
prochen weitstandig angeordneten Radialfurchen enthalt.’’ The resemblance and 
differences among inequivalve, miinsteri and two Japanese forms in my mind are 
shown in table 3. 


Table 3. Main characters of typical and Japanese forms of Oxytoma inequivalve and 
Oxytoma miinsteri. 
O. inequivalve : Sep O. cf. miinsteri O. miinsteri 
characters typical form ee Aratozaki form typical form 
(ARKELL, 1933)| P (HAYAMI, 1959b) |(ICHTKAWA, 1958) 
outline | prosocline prosocline variable very prosocline 
| convexit moderate moderate moderate (mature) t 
y strong (immature) SEES 
| 5 Z ill-defined ill-defined well-defined well-defined 
Pore Wie pointed pointed pointed pointed 
gy ac ee a ae E 
2 x! @ | . 
= slightly slightly moderately (mature) highl 
s umbo . salient salient highly (immature) res 
primary ribs 14-15 14-15 14-17 12-18 
<i Se be 2] — — — — re 
secondary ribs absent improminent present present 
dimensions moderate small small small 
convexity weak weak weak weak 
g te a — i 
g ; faint radial faint radial fine radial dial ri 
2 ornamentation threads Hixests tae radial ribs 
ee fa 
te 
radial furrows present present absent absent 
age middle Lias lower Lias lower Dogger middle Dogger 


In these respects the Toyora specimens are identical with O. inequivalve 


SoweErBy (inclusive of O.sinemuriense bD’OrBIGNY, 1850 and O. intermedium Em- 
MRICH, 1853, as subspecies), although the dimensions may be somewhat smaller 
than typical European forms. 
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This form is different from O. cf. mdinsteri in Hayami (1959b) from the Ba- 
jocian Aratozaki formation of Northeast Japan in the much weaker shell-convexity, 
weaker secondaries in left valve and presence of radial furrows near ventral 
periphery of right valve. As I showed in the synonymic list related to the Ara- 
tozaki form, many forms from various Jurassic stages in other areas than Europe 
have been referred to inequivalve or miinsteri. Which species-group they belong 
to is difficult to say, unless their right valves occur in association. The peripheral 
region of right valve seems to tend to be damaged because of the ill-development 
of nacreous layer and fragile marginal zone of reverse convexity. As to Japanese 
Jurassic specimens, however, it is now ascertained that the lower Liassic ones 

are similar to imequivalve and the Bajocian ones to miinsteri. The tendency 
seems to coincide with the fact about European material. 

Occurrence: —Common in Oxytoma bed at Higashinagano (Loc. 4) and Hi- 
gashinakayama (Loc. 9). 


Family Pectinidae Lamarck 
Genus Chlamys R6prnc, 1798 
T ype-species :—Chlamys cinnabarina RODING, 1798, Recent (by HERRMANNSEN, 1846). 


Chlamys textoria (SCHLOTHEIM) 
Plate V, Figures 23-26 


1820, Pecten textorius SCHLOTHEIM, Petrefactenkunde, p. 229. 

1836, Pecten textorius GOLDFUSS, Petref. Germ., Bd. 2, p. 45, pl. 89, figs. 9a-d. 

1836, Pecten texturatus GOLDFUSS, Ibid., p. 45, pl. 90, fiig. 1. 

1850, Pecten phillis D’ORBIGNY, Prodrome, I, p. 257. 

1850, Pecten textorius D’ORBIGNY, Ibid., I, p. 219. 

1853, Pecten textorius CHAPUIS and DEWALQUE, Mém. cour. Séance, Tom. 25, p. 209, pl 32, 
figs 2s 

1855, Pecten texturatus TERQUEM, Mém. Soc. géol. France, Sér. 2, Tom. 5, p. 104. 

1856, Pecten textorius QUENSTEDT, Der Jura, p. 78, pl. 9, fig. 12; p. 147, pl. 18, fig. 17; non 
p- 500, pl. 67, fig. 5. 

1856, Pecten: textorius-torulosi QUENSTEDT, Ibid., p. 311, pl. 42, fig. 10. 

1856, Pecten textorius OPPEL, Die Juraformation, p. 223. 

1863, Pecten textorius SCHLOENBACH, Zeit. deut. geol, Gesell., Bd. 15, p. 543. 

1865, Pecten textorius BRAUNS, Palaeontogr., Bd. 18, p. 121. 

1867, Pecten textorius DUMORTIER, Etudes pal. Dép. jura. Bassin de Rhéne, II, pudlupl As, 
igs ok 

1868, Pecten textorius TERQUEM and PIETTE, Mém. Soc. géol. France, Sér. 2, Tom. 8, p. 
103. 

1868, Pecten texturatus TERQUEM and PIETTE, Ibid., Sér. 2, Tom. 8. p. 104. 

1869, Pecten textorius DUMORTIER, Etudes pal. Dép. jura. Bassin de Rhéne, III, p. 139, pl. 
22; fig. 2; p. 808, pl. $9, figs, 1, 2. 

1871, Pecten textorius BRAUNS, Der untere Jura, p. 387. 

1872, Pecten textorius (olifex) FRITZGARTNER, Die Pentacriniten, Dos. 

1874, Pecten textorius DUMORTIER, Etudes pal. Dép. jura. Bassin de Rhone, IV, ps 199; "pl: 
44, fig. 12. 


1890, Fecten (Chlamys) textorius PARONA, Atti. Soc. Ital. Sci. Nat., Vol. 33, p. 83, pl. 1, figs. 
11, 12. 


1891, Pecten textorius BEHRENDSEN, Zeit. deut. geol. Gesell., Bd. 43, Pt. 1, p. 389. 


Lower Liassic Lamellibranch Fauna of the Higashinagano Formation in West Japan 53. 


1894, Pecten textorius M3RICKE, N. Jahrb. f. Min. usw., BB. 9, p. 37. 

1900, Pecten textorius PHILIPPI, Zeit. deut. geol. Gesell., Bd. 52, p. 86. 

1902, Pecten textorius JENENSCH, Abh. geol. Spezialk. Elsass-Lotha., N. F., Bd. 5, p. 17. 

1903, Pecten textorius BURCKHARDT, Palaeontogr., Bd. 50, p. 7. 

? 1905, Pecten textorius BENECKE, Abh. geol. Spezialk. Elsass-Lothr., N. F., Bd. 6, p. 111, 
piso, figs. 1,2. 

1904, Pecten textorius WUNSTORF, Jahrb. preuss. geol. Landes., 1904, p. 516. 

1908, Pecten (Chlamys) textorius TRAUTH, Mitt. geol. Gesell. Wien, Bd. 1, p. 451 

1912, Pecten textorius POELMANN, Jura von Hellern, p. 37. 

1914, Pecten textorius JAWORSKI, N. Jahrb. f. Min. usw., BB. 37, p. 285. 

1915, Pecten textorius JAWORSKI, Ibid., BB. 40, p. 437. 

1915, Pecten textorius var. torulosa JAWORSKI, Ibid., BB. 40, p. 437. 

1920, Pecten (Chlamys) cf. textorius JAWORSKI, Jaarb. Mijnb. Ned. Oost-Indie, 49° jaarg. 
Verhand. 2, p. 194, pl. 1, fig. 1. 

1923, Pecten textorius HUMMEL, Palaeontogr., Supple., Bd. 4, Lief. 3, Abt. 4, p. 162, pl. 11, 
fig. 10. 

1923, Pecten torulosus ERNST, Palaeontogr., Bd. 65, p. 52, pl. 1, fig. 8. 

1926, Pecten (Chlamys) textorius JAWORSKI, Actas Acad. Nac. Cienc., Vol. 9. Nos. 3-4, p. 
167. 

1926, Chlamys textoria STAESCHE, Geol. Pal. Abh., N. F., Bd. 15, p. 30. 

1926, Chlamys aff. textoriae STAESCHE, Ibid., N. F., Bd. 15, p. 32, pl. 1, figs. 8, 9. 

1926, Chlamys torulosi STAESCHE, Ibid., N. F., Bd. 15, p. 33, pl. 1, fig. 1. 

1926, Chlamys cf. phillis STAESCHE, Ibid., N. F., Bd. 15, p. 34, pl. 1, fig. 12. 

1931, Pecten textorius var. torulosa WEAVER, Mem. Univ. Washington, Vol. 1, p. 271, pl. 28, 
figs. 165, 166. 

1934, Chlamys textorius DACQUE, Wirbelose der Jura, p. 208. 

1936, Chlamys textorius DECHASEAUX, Ann. Paléont. Tom. 25, p. 13, pl. 1, figs. 1-4. 

1936, Chlamys textorius JOLY, Mém. Mus. roy. d’Hist. nat. Belg., Mém. No. 79, p. 109. 

1939, Chlamys aff. textorius MULLER and FERGUSON, Bull. Geol. Soc. America, Vol. 50, p. 
1611. 

1942, Pecten (Chlamys) textorius LEANZA, Rev. Museo La Plata, N.S., Vol. 2, No. 10, p. 
W725 pl. ty tiee 2. 

1942, Pectcn (Chlamys) textorius var. torulosa LEANZA, Ibid., N. S., Vol. 2, p. 173, pl. 7, 
fig. 4. 

? 1946, Chlamys textorius GARDET and GERARD, Prot. Rép. Frang. Maroc, Notes et Mém., 
No. 64, p. 15, 21. 

? 1951, Chlamys textoria TROEDSSON, Kungl. Fysio. Sdll. Handl., N. F., Bd. 62, Nr. 1, p. 
213, pl. 20, figs. 14-16. 

1952, Pecten (Chlamys) textorius KIPARISOVA, Trans. All Soviet Union, Geol. Inst., 1952, 
p. 17, pl: 4, figs. 1-5. 

? 1957, Chlamys textoria BERINI, Ist. Geol. Pal. Geogr. Univ. Milano, Ser. P. Publ., No. 92, 
p. 42, pl. 3, fig. 2. 


Description of Toyora specimens : —Shell medium for genus, acline, inequivalve, 
subequilateral exclusive of auricles, higher than long; left valve moderately 
inflated, while inflation of right valve is much weaker; antero-dorsal margin 
slightly sinuated; postero-dorsal one nearly straight; ventral margin broadly 
arcuate; hinge-line fairly long, occupying about three-fourths of shell-length, 
straight ; dorsal margin often rising slightly above hinge-line in anterior part of 
right valve; umbo lying near mid-point of length, pointed with an acute 
apical angle of about 80 degrees or slightly more; byssal auricle fairly large, 
protruded, depressed, linguiform, supported by a developed auricular sul- 
cus, forming a profound byssal notch below; left anterior auricle large, about 
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twice as wide as posterior, triangular, provided with a slightly sinuated anterior 
margin which corresponds with byssal notch on counter valve; posterior auricle 
subequal between two: valve, comparatively small, obtuse-trigonal, well-defined ; 
surface marked with 65 or more (in adult stage) delicate radial costae and numerous 
fine concentric fila crossing costae and their interspaces; radials somewhat irre- 
gular in strength and breadth, more or less flat-topped in right valve but more 
angular in left; number of radials increased by irregular bifurcation in right 
valve and by insertion in left valve; concentric scales undeveloped ; auricles 
including byssal one marked also with several radials and numerous concentric 
lamellae, though radials become weaker in their upper parts ; ctenolium present ; 
resilifer triangular, internal. 


i OO 


Measurement in mm. Length Height Thickness 
(MM. 3379) right ex. mould 27.0+ 34.5 3.0 
(MM. 3380) right ex. mould 14.0 16.5 i Vas) 
(MM. 3381) right ex. mould Deo 15.5 1.5 


(MM. 3382) left ex. mould 28.0 27.0+ 4.5+ 


Observation and comparison :—Nine specimens, of which six are right external 
moulds, are at hand. The left valve is represented by two imperfect specimens. 
A left external mould is considerably large and have about 70 radials, while 
they are about 40-55 in most specimens. The external and intereal characters 
are almost equal to those of Chlamys (s. s.), if one ignores the considerable 
inequivalveness (properly the different convexity between two valves) which is 
commonly seen in Liassic species. 

In the general outline, large anterior auricle, mode of radial ribbing, pro- 
minent concentrics and inequivalveness, these specimens are referable to Chlamys 
textoria (SCHLOTHEIM), a famous Liassic cosmopolitan species. In comparison with 
Gotpruss’ figures of similar size the radials are evidently larger in number and 
the posterior auricle is slightly smaller, though these characters are seemingly 
fairly variable among the figures. In these respects this may be closer to 
Pecten texturatus Gotpruss, 1836, but I consider texturata to be conspecific 
with ¢extoria in agreement with many authors. Goxpruss’ (1836, pl. 89, fig. 9a), 
BENECKE’s (1905), Leanza’s (1942), TRoEpsson’s (1951) and Berrnr’s (1957) speci- 
mens of moderate size have only 20-30 radials, and it is doubtful if they are 
actually conspecific with such a multicostate form as these specimens. I think 
that the ornamentation of C. textoria is fairly variable, as pointed out by Decna- 
SEAUX about European specimens. The variability of the number of radials is 
principally due to the slight differences in the stage of bifurcation or insertion. 
The apical angle of this form, though it increases slightly through growth, 
is fairly constant and almost equal to those of European specimens. According 
to DECHASEAUX (1936) Chlamys textoria is somewhat long ranged from Hettangian 
to Toarcian in Paris basin. QuENSTEDT (1856) and some others assigned some 
Dogger and Malm specimens to textoria or its varieties, but I refer them to C. 
dewalquei or other more advanced species in agreement with StaEscu (1926) and 
DEcHASEAUX (1936). Those Oolite species have more stout radials and probably 
less inequivalve shell than textoria. Such a tendency is ascertained also between 
the present form and Chlamys kobayashii Hayamt, 1959 c, from the Bajocian Tsukino- 
ura and Kosaba formations in Northeast Japan. It can be generally said that 
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Liassic species of Chlamys in Japan have more inequivalve shells (more flattened 
right valves) than Middle Jurassic and later ones. The tendency well agrees 
with Cox’s statement (1952, p. 4). In the circum-Pacific region Chlamys textorius 
and its comparable forms were recorded from Mexico, Neuquén, Peru, Amur 
and Taliabu. Although the specific identity cannot always be warranted, textorius 
or its close allies certainly flourished world-widely in Liassic times. Amur speci- 
mens illustrated by Kipartsova (1952) show special resemblance to this form, but 
South American ones seem mainly paucicostate forms. 

This resembles Chlamys kotakiensis Taxat and Hayami, in Hayami (1957 e) 
from the lower (?) Lias of Central Japan in the radial ribbing and inequivalve- 
ness. The material of kotakiensis is more or less deformed, and its precise com- 
parison with this is difficult. Though I noted before that kotakiensis differs from 
textoria by finer radials, the Kuruma and present forms are almost equal in 
their number. But the apical angle appears slightly larger, radials and concent- 
rics less prominent, byssal auricle smaller, and auricles of left valve worse-defined 
than the present form. Chlamys kurumensis KopayasHi and Hayami and its 
comparable form in Hayamr (1957e) resemble this in the flat right valve but 
differ in the larger apical angle, more-flat-topped radials and narrower intervals. 
At a glance Chlamys similis KiparisovA, 1954, is similar to this in the outline, 
but that species is, I presume, a close ally to Chlamys mojsisovicsi KOBAYASHI 
and Icurkawa, 1949, from the Carnic of Japan which differs from this in the 
more equivalve shell, smaller byssal auricle and less prominent radials on it. 
The apical angle is almost equal to that of the type of mojsisovicsi from Sakawa 
basin but slightly smaller than those of Nabae (Nakazawa, 1952), Sakuradani 
(IcH1kAwA, 1954a) and Mine specimens. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
and rare in Prosogyrotrigonia inouyet bed at Higashinagano (Loc. 3). 


Genus Aeguipecten FISCHER, 1887 
T ype-species:—Fecten opercularis LINNE, 1758, Recent (monotypy). 


‘* Aequipecten’’ toyorensis HAYAMI, new species 
Plate VI, Figures 1-5 


Description: —Shell small, subequivalve, equilateral exclusive of auricles, 
Chlamys-like in outline, a little higher than long; both valves strongly inflated, 
but left valve slightly more convex than right ; antero- and postero-dorsal margins 
of shell-body nearly straight, forming an apical angle of approximately 90 deg- 
rees; ventral one subcircular; anterior auricle of right valve comporatively large, 
protruded, supported by a narrow auricular sulcus; posterior one of each valve 
subequal, comparatively small, well defined, triangular, subvertically truncated ; 
byssal notch moderate in depth, angular; ornamentation of each valve composed 
of about 15 stout, highly elevated and non-bifurcated radial costae ; radials simple in 
left valve but in right valve faint grooves and secondary riblets inserted respectively 
on costae and grooves; byssal auricle marked with three or more weak radials ; 
concentric growth-lines weak and almost indiscernible ; internally, radial plica- 
tions strongly impressed on inner surface near ventral periphery, but umbonal 
region almost smooth; ctenolium and cardinal crura not observed, probably 


absent. 
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Measurement in mm. Length Height Thickness 
Holotype (MM 3384) right ex. mould 13.0 14.0 3.0 
Paratype (MM 3385) left ex. mould 12.0 13.0 3.5 
Paratype (MM 3386) right in. mould 11.0 11.5+ 2.0+ 
Paratype (MM 3387) right in. mould 5.0 oe 1.0+ 


Observation and comparison : —Represented by a dozen of specimens. Auric- 
les are mostly broken, but a protruded byssal auricle and byssal notch are clearly 
observed in the holotype. Judging from the small number of ribs and strong 
shell-convexity this belongs to ‘‘Aequipecten’’ which has been used also for Me- 
sozoic species by many authors. Radulopecten ROLueER, 1911, was deemed by Cox 
(1952) to include some Mesozoic species hitherto referred to Aequipecten. Radu- 
lopecten is defined by about 12 or fewer radial costae whose aspect is quite dif- 
ferent between two valves. In this species the shell-convexity is slightly different, 
but broadly undulated ribs and imbricated concentric scales as seen in that 
genus are absent. This is morphologically more similar to Cryptopecten DALL, BaRT- 
scH and REHDER, 1938 (type: Cr.alli Dati, BartscH and ReHbDER, original 
designation). Such weak secondaries and faint grooves on primaries are sometimes 
observed also in some living species of Cryptopecten. But in Cryptopecten the 
right valve is slightly more inflated than left (HasBe, 1951-1953), while it is just 
the reverse in this species. STAESCHE (1926) and ArkeELt (1931) are probably right 
in insisting that Cenozoic Aequipecten is not direct descendants from Mesozoic 
‘‘Aequipecten’’. Cox is also of opinion that true Aequipecten appeared at first in 
the Oligocene. Pecten priscus SCHLOTHEIM, 1820 (GoLpFuss, 1836; TEROUEM and 
PreTTE, 1868; DumorTIER, 1867, 1869; SrarscHE, 1926, etc.) from the lower Lias 
of Europe may be the closest ally to this species. The number of radials and 
of byssal auricle are quite similar, but the radials of each valve are evidently 
more flattened at tops and bottoms in this species. Pecten aequilis QUENSTEDT, 
1858, is conspecific with priscus according to DEcHASEAUXx (1936). Pecten inter- 
striatus MUNSTER in BiTTNER (1901) differs from this in the more simple ribs in 
the right valve. Pecten lykosensis KRUMBECK, 1905, from the Upper Jurassic is 
similar to this in the ornamentation of right valve but different in the smaller 
number of radials and presence of prominent scales on the radials of left valve. 
Chlamys (Aequipecten) macfadyeni Cox, 1935a, from the Upper Jurassic of British 
Somaliland has about 19 ribs and they are seemingly more rounded at tops than 
in this species. Aequipecten vulgaris Kimura, 1951 (Tamura, 1959b) from the 
Upper Jurassic Torinosu group in Sakawa, Sakuradani and Sakamoto areas is 
very similar in many respects, but this is distinguishable from the Torinosu 
species by the more flat-topped and broader primaries in right valve and the less 
flabellate outline with a slightly smaller apical angle. The above mentioned 
species (inclusive of this) are probably congeneric and form a distinct group from 
Aequipecten, Chlamys and Radulopecten. Puitrprr (1900a) and STarscnr (1926) 
combined such species in the priscus-group. DecuasEaux (1936, p- 86) discussed 
the relationship between priscus-group and Pseudopecten Bayir, 1897 (types 2, 
equivalvis SowERBY, 1818) and suggested that Pseudopecten is a small branch of 
the priscus-group in Sinemurian. The type-species does not agree with this 
species in the Patinopecten-like outline, large apical angle, simple radials and by 
far larger dimensions. In view of the differences, it is concluded that most 
species belonging to the priscus-group belong to a certain unnamed genus of the 


o> 
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Pectinidae. The generic name of this species is, therefore, provisional. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5). 
A specimen in pl. II, fig.4 from Prosogyrotrigonia inouyei bed at epearatopyane 
(Loc. 4) is unusuary of large size but probably conspecific. 


** Aequipecten’’ sp. indet. 
Plate V, Figure 27 


cf. 1948, Pecten (Aequipecten) semiarticulatus ? MENEGHINI in DUBAR, Notes et Mém. Serv. 
géol. Maroc, No. 68, p. 216, pl. 28, Figs. 22-25. 


Represented by an imperfect external mould of right (?) valve. Shell me- 
dium, slightly inequilateral, moderately inflated (MM 3390, 19.0+-mm. long; 
18.5+mm. high; 3.0+mm. thick); apical angle about 90 degrees; surface marked 
with more than 13 stout radial costae, which are faintly curved outwards in 
anterior (?) part; ribs flattened at tops, but intervals marked with numerous 
oblique scales; auricles and internal structure unknown. 

The differs obviously from the preceding species in the larger dimensions 
and the presence of many prominent scales between radials. The scales remind 
one of Radulopecten, but the radials are too many. This is probably intimate 
to Pecten (Aequipecten) semiarticulatus? in DuBAR (1948) from the Domerian of 
of Morocco with regard to the ornamentation with similar number of radials and 
fine oblique scales. But further comparison is impossible, since the internal 
structure, auricles and counter valve are unknown. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Amusiidae RrpEwoop 
Genus Entolium MEEK, 1865 
(=Syncyclonema MEEK, 1864; Protamussium VERRILL, 1899) 


T ype-species :—Pecten demissus PHILLIPS, 1829, Dogger to lower Malm, Europe 
(original designation). 


Entolium cf. caluum (GOLDFUss) 
Plate VI, Figures 6-9 


cf. 1836, Pecten caluus GOLDFUSS, Petref. Germ., Bd. 2, p. 74, pl. 99, fig. 1. 

cf. 1858, Pecten caluus QUENSTEDT, Der Jura, p. 184, pl. 23, fig. 1. 

? 1908, Entolium caluum THEVENIN, Ann. de Pal., Tom. 8, p. 23, pl. 23, fig. 11. 

cf. 1926, Chlamys calua STAESCHE, Geol. u. Pal. Abhandl., N. F., Bd. 15, Ht. 1, p. 58, pl, 
2: 9s, tig tz: 

cf. 1936, Entolium calvus DECHASEAUX, Ann. de Pal., Tom. 25, p. 60. 

cf. 1936, Entolium caluus JOLY, Mém. Mus. roy. d’Hist. nat. Belg., Mém., No. 79, p. 108. 

1938, Pecten (Syncyclonema) sp. listed by TORIYAMA, Jour. Geol. Soc. Japan, Vol. 45, 

No. 533, p. 251. 

cf. 1951, Entolium caluum TROEDSSON, Kungl. Fysiogr. Sdllsk. Handl., N. F., Bd. 62, Nr. 
1, p. 216, pl. 20, figs. 9-13. 

cf. 1957, Entolium sp. in HAYAMI, Trans. Proc. Pal. Soc. Japan, N. S. No. 28, p. 125, pl. 
20, fig. 17. 


Description of Toyora specimens : —Shell small to medium, inequivalve, ine- 
quilateral, trigonally obricular exclusive of auricles, weakly inflated, higher than 
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long; test thin; antero-dorsal margin and postero-dorsal nearly straight, passing 
gradually into venter; apical angle between them about 90 degrees or a little 
less; hinge-line short and straight, although dorsal margins of auricles fairly rise 
above it in right valve, forming about 220 degrees or more at beak in adult 
specimens; auricles well defined, depressed, more or less obtusely truncated at 
corners in each valve; anterior auricle about twice as wide as posterior, slight- 
ly projected forwards, forming a shallow byssal notch in right valve, but its 
anterior margin subvertical in left valve; ctenolium absent ; cardinal crura 
comparatively weak; a pair of straight blunt internal ridges running from 
umbo to antero- and postero-ventral peripheral regions, forming an angle of 
about 70 degrees at beak, somewhat weakened near periphery; resilifer subtri- 
angular, internal, bordered by a strong ridge on each side; surface smooth with- 
out any strong concentric lamellae; anterior auricle having distinct growth- 


lamellae. 
ee 
Measurement in mm. Length Height Thickness 
(MM 3391) right in. mould 22.0)” 25.0 Je, 
(MM. 3392) left ex. mould F385 15.0 2.0 
(MM 3393) left in. mould 16.0 17.5 2.0 


Observation and comparison: —Many specimens are at hand. The unequal 
auricles are observed in all specimens. In right valve the dorsal margins of 
auricles rises above the hinge-line to variable extent, forming internally a ribbon- 
like structure of Entolium-type. The byssal notch is usually present but very 
variable in depth. 

Such a shallow byssal notch and unequal auricles are often seen in Liassic 
Entolium which is distinguished as ‘‘hehliz-groupe’’ by DecHaseAux (1936). STa- 
ESCH (1926) considered that Entolium is characterized by the absent byssal notch 
and the subequal auricles, and regard such species as transitional between Chlamys 
and Entolium. But many other authors including DecHasEaux (1936) and TROED- 
SsON (1951) are of opinion that they are not related to Chlamys. The Toyora 
specimens have a pair of weak internal ridges along the boundaries along antero- 
and postero-dorsal margins of main body and weak cardinal crura which are 
commonly seen in Entolium and other amusiids but never in the Pectinidae. 
Entolium appeared already in the Triassic, and its ancestral forms are found in 
Pernopecten in the Upper Palaeozoic (NEWELL, 1938). The unequal auricles (often 
with a slight byssal notch at certain ontogenetical stage) and a pair of internal 
ridges seem fairly conservative characters from the Carboniferous to Mesozoic 
entoliids. Entolium inequivalve Hayat, 1959, from the Upper Jurassic and 
E. orbiculare (SowERBy) from the Cenomanian have also slight byssal notches 
especially in their early ontogenetical stages. Therefore, the phylogeny Chlamys 
to Entolium in the Lias epoch suggested by Starscue (1926) cannot be accepted. 

This form is closely related to, if not identical with, Entolium calvum (Gotp- 
Fuss) from the lower Lias of Swabia, Paris basin and Scania. Judging from 
Gotpruss’ original figure the typical form may have a slightly more elongated out- 
line but this is quite similar to the Swabia and Scania specimens illustrated by Sta- 
ESCHE (1926) and Trorpsson (1951) in the general outline of two valves, apical 
angle, mode of byssal sinuation and unequality of auricles, although no mention 
was given as to their internal characters. The dimensions may be a little larger 
than European forms. The auricles are seemingly slightly more protruded up- 
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wards than in Scania specimens. But their development is probably more or 
less related to the ontogeny of individuals in the present form. The age of 
calvum is Hettangian in Paris basin (Dacous, 1934; DEcHASEAUX, 1936: Jory, 1936) 
and early Sinemurian in Scania (Trorpsson, 1951), and the present form must 
be nearly coeval with the European ones. This is also similar to Entolium lundg- 
rent MoBERG in TROEDsSON (1951) from Scania. TRoepsson regarded that it is 
not far apart from calvum but different in the shell-sculpture and curvature of 
umbo. In the weakness of concentric lamellae this is closer to calvum than 
lundgreni. Entolium cingulatum (GoLpruss, 1836) (STAESCHE, 1926; TROEDsSON, 
1951) differs from this in the absence of distinct byssal notch and less unequal 
auricles. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
and rare in Prosogyrotrigonia inouyei bed at Higashinagano (Loc. 3) and Higashi- 
nakayama (Loc. 8). A left (?) valve collected by Kopayasui from the Kuruma 
group at Kamikawara (Hayami, 1957e) is comparable with this form. 


Entolium cf. lunare (ROEMER) 
Plate VI, Figure 11 
cf. 1839, Pecten lunaris ROEMER, Verst. nord. Oolithengebirges, p. 26. 
ef. 1871, Pecten lunaris BRAUNS, Untere Jura, p. 398. 
cf. 1915, Pecten (Entolium) lunaris ROLLIER, Mém. Soc. pal. Suisse, p. 469. 
cf. 1926, Entolium lunare STAESCHE, Geol. u. Pal. Abh., N.F., Bd. 18, Ht. 1. p. 96, pl. 4,. 
figs, 1,92. 


Description of Toyora specimens : —Shell medium, equilateral, trigonal-orbicular 
exclusive of auricles, nearly as high as long; right valve not strongly inflated ; 
antero- and postero-dorsal margins long, slightly sinuated, forming an apical 
angle of about 115 degrees at beak; auricles small, subequal, obtusely truncated ; 
their dorsal margins fairly rising above hinge-line; byssal notch absent; surface’ 
smooth but for faint growth-lamellae; cardinal crura narrow but stout, ridge- 
like; a pair of strong internal ridges running from beak to antero- and postero- 
ventral peripheral regions. Left valve unknown. 


Measurement in mm. Length Height Thickness 


(MM. 3396) right ex. mould POLS) 22.0 2.0 
(MM. 3397) right in. mould 21.0 2255 2.0 


Observation and comparison: —Two specimens are at hand. This form is 
different from the preceding in the subequal auricles, absence of byssal notch, 
larger apical angle, sinuated antero- and postero-dorsal margins of main body 
and presence of strong cardinal crura. Although the dimensions are somewhat 
small, it is probably a close ally to Entolium lunare (ROEMER) from the lower 
Lias of Europe, in view of the resemblance of outline to StarscHeE’s figures. Pecten 
demissus in BENECKE (1905) from the Aalenian show a similar outline to this, but 
typical E. demissum (Puitiirs) from Middle to Upper Jurassic has probably larger 
auricles according to STAESCHE (1926) and DecuasEaux (1936). Besides, Entolium 
fossatum Marwick, 1953, from the Aratauran (lower Lias) of New Zealand has 
a similar outline and inner structure, but the auricles of fossatum are said to be 
fairly unequal in size. 

Occurrence : —Rare in Prosogyrotrigonia inouyei bed at Higashinagano (Loc. 3). 
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Entolium sp. indet. 
Plate VI, Figure 10 


A right internal mould differs from above mentioned two forms in the larger 
dimensions and vertically elongated outline. (MM 3398, 16.0mm. long; 20.0mm. 
high; 3.0+-mm thick). Anterior auricle is slightly larger than posterior, but 
byssal notch absent. The produced dorsal margin above hinge and distinct 
internal ridges from umbo to antero- and postero-ventral perepheries show that 
this belongs to Entolium, but specifically it is indeterminable, since its exterior 
is unknown. 

Occurrence : —Rare in Oxytoma bed at Higashinakayama (Loc. 9). Kopa- 
YASHI coll. 


Entolium (?) sp. indet. 
Plate VI, Figures 11, 12 


Represented by an imperfect external and an internal mould of different 
left valves. Shell small. to medium, flabelliform, weakly inflated (MM 3399, left 
in. mould, 14.0mm. long; 13.0mm. high); antero- and postero-dorsal margins 
slightly sinuated, forming an apical angle of about 120 degrees; auricles unequal ; 
anterior one large, ‘ subrectangularly truncated, marked with numerous fine 
growth-lamellae ; posterior one comparatively small, obtusely truncated at corner ; 
surface smooth without any prominent growth-lines. 

Since the right valve and detail of internal structure are unknown, it is dif- 
ficult to say that it belongs actually to Entolium. Such a flabelliform outline is 
somewhat similar to ‘‘ Camptonectes’’ subflabelliformis Hayami, 1957e, and its 
allies from the Lias of Central Japan. But the shell is much less inflated than 
the Kuruma forms, though it is probable that this is congeneric with them. 

Occurrence :—Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Plicatulidae [REDALE 
Genus Plicatula Lamarck, 1801 


Type-species .—Plicatula gibbosa LAMARCK, 1801, Recent (=Spondylus plicatus 
LINNE, 1758) (monotypy). 


Plicatula subcircularis HAYAMI, new species 
Plate VI, Figures 14-16 


Description : —Shell medium for genus, inequivalve, subequilateral, irregular 
in outline but usually subcircular, weakly inflated, nearly as high as long; not 
alate, adhering to an object with umbonal area of right valve; ornamentation 
different between two valves; in right valve surface irregularly undulated, 
smooth in umbonal area but having quite irregularly disposed small low tuber- 
cles on remaining part; in left valve shell-surface not so irregularly undulated, 
provided with numerous spiny tubercles which are radially arranged and sub- 
equal at interval; rows of tubercles never bifurcated but occasionally increasing 
their number by insertion; hinge moderate in width; right valve having a pair 
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of subparallel strong crural teeth which are bordered by a pair of deep crural 
sockets and interrupted by a deeply submerged central pit; left valve having 
a pair of finely crenulated and elongated crural teeth which form an obtuse 
chevron of about 120 degrees at beak; resilifer located at upper part of central 
pit, strongly impressed on right valve but weakly on left; adductor monomy- 
arian, large, orbicular, subcentral; pallial line indistinct. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3401) left in. mould 19.0 16.5 2.0 
Paratype (MM 3402) left ex. mould 14.5+ 18.0 2:5 
Paratype (MM _ 3403) right in. mould 25.0 20.5 3.0 
Paratype (MM 3404) right ex. mould 13.5 13.0 2a 


Observation and comparison : —Two right specimens and many left ones were 
obtained. In view of the hinge-structure this is certainly referable to Plicatula, 
but the suborbicular outline is very unique. The large angle between the two 
crural teeth in left valve reminds one of Dimya Rouautt (type: D. deshayesiana 
ROUAULT, monotypy), but the crural teeth are stout and adductor -monomyarian 
in this species. I could find no comparable species with this in foreign litera- 
tures. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 


Plicatula praenipponica HAYAMI, new species 
Plate VI, Figures 17-19 


Description: —Shell large for genus, inequilateral, elongated subvertically, 
fairly irregular in outline, not alate, often more or less contorted, much higher 
than long; test fairly thick; hinge-line short, rounded; left valve having nume- 
rous irregular, often bifurcated radial riblets on whole surface and a few irregu- 
larly disposed spines near ventral margin; mode of ornamentation changed 
fairly abruptly in middle stage; hinge of right valve symmetrical; resilifer deep, 
elongated, variable in inclination but usually subvertical, defined from crural 
sockets on both sides by a pair of subparallel ridges; crural teeth usually stout, 
elongated, strongly crenulated laterally as if trigoniid’s cardinals, apart from 
beak with narrow flattened areas; adductor monomyarian, suborbicular, strongly 
impressed, subcentral or slightly posterior; pallial line distinct, entire. Nothing 
known of right valve. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3406) left in. mould 27:5 32.0 4.0 
Paratype (MM 3407) left in. mould 29.0 36.5 4.5 
Paratype (MM 3408) left in. mould 20.0+ 38.0 3.54 


Observation and comparison: —Represented by six specimens. The holotype 
specimen composed of left external and internal moulds shows clearly the surface 
ornamentation and characteristic dentition. The outline and shell-convexity 
are quite variable among individuals. A specimens (fig. 17) has a somewhat 
contorted outline and slightly concave internal surface of ventral area. Another 
specimen has an opisthocline resilifer and bordered teeth whose inclination is 
more asymmetrical than other specimens. But these must be conspecific with one, 
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another, since the hinge-structure and other essential characters are identical. 

The hinge of this species appears to be fairly deviated from Recent and 
most Mesozoic species of Plicatula. More precisely, the two crenulated crural 
teeth are unusually strong, situated apart from the resilifer in left valve and 
fairly curved along the rounded pre- and post-umbonal margins. Such a 
peculiar feature of hinge and large dimensions suggest that this belongs to another 
subgenus than Plicatula (s. s.). DESLONGCHAMPS (1859) noted that Harpaxr Par- 
KINSON, 1811, should be retained for certain Mesozoic species. But many other 
authors considered that they are synonymous. According to STortczKa (1871), 
Harpax has generally stronger and more parallel hinge-teeth, often larger size 
and thick test than Plicatula, but that it would not be justifiable to recognize 
Harpax as a distinct genus, since the two are essentially the same in the general 
characters. On the other hand it is certain that undoubted species of Plicatula 
appeared already in the Lias, for instance, P. spinosa SowERBY in GoLpFuss (1836). 
They are so similar to Recent typical Plicatula in hinge and external characters 
that no subgeneric distinction is required. I refer this species tentatively to 
Plicatula, since it is unknown to me whether the type-species of Harpax is ac- 
tually separable from Plicatula in a higher category than species or they are 
synonymous. 

Plicatula daharensis DUBAR, 1948, including some varietal forms from the Do- 
merian of Morocco is probably intimate to this in view of similar size, ostreid- 
like irregular outline, disposition of strong crural teeth and abrupt change of 
ornamentation in middle stage. But the umbo is not so pointed and the ventral 
area not so roughly plicated as in the African species. This resembles Plicatula 
hekiensis NAKAZAWA, 1955, from the Carnic Nabae group in the general outline 
and musculature, but differs in the much larger dimensions and presence of 
radial ribs and spines on the surface. This is readily distinguishable from the 
preceding species from the same fossil bed in the larger dimensions, elongated 
outline, different ornamentation, stronger crural teeth and sockets in left valve. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
The scarceness of right valves of this and the preceding species in comparison 
with left valves may imply that the shells adhered to objects by means of right 
valves and then only left valves were derived and brought into this shell-bank. 


Family Limidae D’OrBIGNY 
Genus Lima BRUGUIERE, 1797 
(=Radula KLEIN, 1753, pre-LINNE) m 
T ype-species :—Ostrea lima LINNE, 1758, Recent (tautonymy). 
**Lima’”’ sp. indet. 
Plate VI, Figure 20 


Represented by a small left valve. Shell inequilateral, moderately inflated, 
higher than long (MM 3410. 9.5mm. long; 11.0mm. high; 2.5mm. thick); surface 
marked with 16 or slightly more radial costae; secondary costae apparently. 

This is referable to Lima of wide sense and probably a member of Pseudolimea 
ARKELL, 1926, but its exact generic position is indeterminable, because of igno- 
rance of the internal structure. This is similar to Lima columbiae Warren, 1931, 
from the Lias of British Columbia. Lima densicosta QUENSTEDT in Tont, 1912 
from the Lias is also similar in the outline but different from_this in having 
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more numerous radials. 
Occurrence : —Rare in Oxytoma bed at Higashinakayama (Loc. 9). Collected 
by Kopayasut. 


Genus Plagiostoma SowERBy, 1814 
Type-species :—Plagiostoma gigantea SOWERBY, 1814, Lias, Europe (by STOLICZKA, 1871). 
Plagiostoma kobayashii HAYAMI, new species 
Plate VI, Figures 21-23 


Description : —Shell medium for genus, equivalve, inequilateral, gibbose and 
somewhat Acesta-like in outline, with length almost equal to height, not strongly 
inflated ; anterior margin nearly straight or slightly sinuated ; posterior one gently 
arcuate but slightly concave near junction with posterior auricle ; dorsal margin 
forming an obtuse chevron of about 150 degrees at beak; hinge-line straight, 
moderate in length; umbo lying more or less anteriorly from mid-point of hinge- 
length, slightly rising above it; apical angle between anterior and posterior 
margins exclusive of auricles measuring about 90 degrees; anterior umbonal 
ridge sharp, long, forming an angle of about 50 degrees with hinge; auricles 
very unequal; anterior one narrow, concave, obtusely truncated, scarcely visible 
from normal direction to valve-margin ; posterior auricle large, obtuse-triangular, 
flattened, not clearly defined from postero-dorsal surface ; surface of main body 
and posterior auricle ornamented with about 65 radial costae; radials more or 
less flat-topped, nearly straight, regular in prominence, disposed nearly equidis- 
tantly but slightly curved outwards and somewhat roughly spaced in posterior 
part and auricle; their interspaces almost as broad as costae, weekly striated 
transversely ; growth-lines very weak ; lunule* well defined, marked with several 
weak radials, slightly concave, nearly perpendicular to valve-margin ; cardinal 
area very obtusely triangular, slightly asymmetrical with an anteriorly located 
summit, provided with a ligament pit which is comparatively large, fairly deep, 
slightly prosocline and rounded at base; inner surface weakly plicated by im- 
pression of radials; musculature unknown. 


Measurement in mm. Length Height Thickness 
Holotype (MM. 3411) right ex. mould 31.5+ 29.5+- 5. 
Paratype (MM 3412) right in. mould 48.5 50.0+ 6.0 


Observation and comparison: —Four specimens are at hand, though all are 
more or less broken. The holotype (fig. 21) is an external mould of left valve, 
showing regular radial ornaments and posterior auricle. The general outline of 
this species is presumable from growth-lines on the mould and the paratype. 
The large ill-defined posterior auricle and general outline reminds one of Acesta 
H. and A. Apams, 1858, which survives now in deep seas. Many living and 
Tertiary species of that genus in Eastern Asia are monographed by Oyama (1943). 
The umbo is located very anteriorly and the ligament pit very prosocline in all 
species of Acesta, though the exterior of Acesta is almost indistinguishable from 
Plagiostoma. In this point Acesta is similar to Mysidioptera SaLomon, 1895, and 


* COX (1943) introduced the term for the anterior slope (more or less excavated area in 
front of anterior umbonal ridge), though it is unkown if it is actually homologous to the true 
lunule in dimyarian pelecypods. 


64 I. HAYAMI 


Plagiostoma with an acline or slightly prosocline pit to Lima (s.s.). There are 
several Jurassic species hitherto assigned to Acesta (ARKELL, 1932; DECHASEAUX, 
1936b), but Cox (1952) stated that they seemed to be more related to Plagiostoma. 
Many palaeontologists including Cox (1943, 1952) assigned Plagiostoma as a sub- 
genus of Lima, but I treat here the former as a distinct genus. Acesta was pro- 
bably derived from Plagiostoma in Cretaceous and is regarded as its subgenus. 

This species is very similar to Lima (Plagiostoma) pontonis LyceTT in Morris 
(1853) (Cox, 1943) from the Bajocian of England in the ornamentation and out- 
line, but the umbonal area is less inflated and the intervals of costae slightly 
broader than that species. This is distinguishable from L. (Pl.) semicircularis 
Gotpruss, 1836 (CHapuis and DewaLque, 1853; Grepprn, 1900; Cox, 1943) from 
the Aalenian in the broader interval of radials, narrower main body and larger 
obliquity between hinge and anterior umbonal ridge (it is about 30 degrees in 
semicircularis). L. (Pl.) cardiiformis* in BENECKE (1905) and L. (Pl.) ferruginea 
BeneckE, 1905, from the Aalenian of eastern Paris basin, which the two are syno- 
nymous with each other according to DEcHASEAUX (1936b), have more prominent 
umbo and more widely spaced radial costae. Lima compressa 'TERQUEM, 1855, 
from the lower Lias, regarded as a Plagiostoma by DEcHASEAUX, differs from this 
in the comparatively small posterior auricle and more delicate radials. This 
may be a close ally to Lima garlandica WINKLER, 1886, from the lower Lias of 
Alps, but the posterior auricle is probably more. obtusely truncated and worse 
defined than this species. Lima (Pl.) enormicosta TAMURA (MS), the main con- 
stituent species of ‘‘the Lima-sandstone fauna’’ in the Upper Jurassic of Soma 
area differs from this in the irregular and rough costation and more profoundly 
excavated lunule. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Plagiostoma matsumotoi HAYAMI, new species 
Plate VI, Figures 24, 25; plate VII, Figures 1-3 


Description : —Shell medium to small for genus, gibbose, inequilateral, equi- 
valve, not strongly inflated, almost as long as high; test comparatively thin; 
anterior margin nearly straight or slightly concave at junction with posterior 
auricle, broadly arcuate, passing gradually into venter ; umbo lying very slightly 
anteriorly from midpoint of hinge-length, not rising above dorsal margin; apical 
angle exclusive of auricles about 95 degrees ; hinge relatively short ; anterior um- 
bonal ridge fairly sharp, long, defining an elongated lunule in its front, forming 
an angle of about 35 degrees with hinge; anterior gaping, if present, very slight ; 
surface marked with faint concentric growth-lamellae and 65 or a little more 
weak narrow radial striae which are more or less sinuous, almost effaced in 
central area and often punctate at bottoms in posterior area; intervals becoming 
broader towards anterior periphery ; posterior auricle ill-defined, obtuse-triangular, 
comparatively small, marked also with fine radial grooves ; lunule excavated, 
smooth except for coarse growth-lamellae ; internally, cardinal area obtuse-trian- 
gular, moderate in breadth, provided with a slightly prosocline triangular liga- 
ment pit which is situated slightly anteriorly from mid-point; a pair of short 
crura-like teeth present near both peripheries of hinge area; inner surface and 


* GOX (1943, p. 183) stated that P. cardiiformis SOWERBY is a Great Oolite species 
misinterpreted by MORRIS and LYCETT. 
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ventral margin quite smooth; musculature unknown. 
——_— eee 


Measurement in mm. Length Height Tbichness 
Helter (MM. 3414) left in. mould 275 26.5 3: 5 
Paratype (MM 3415) left ex. mould $75 37.0 5.0 


Pasptype: GaN biduir vg in. mould 34.0 34.0 4,54 


i and comparison : aNiany specimens show external and internal 
characters. The holotype (fig. 25) is relatively small, but well preserved, showing 
complete outline. The faint, sinuous, sometimes effaced radial striae are com- 
monly seen in Acesta, but known also in many species of Plagiostoma. The pre- 
sence of crura-like teeth on both lateral sides of hinge area is probably unknown 
in Plagiostoma, but it can be expected that similar teeth will be found in most 
species of the genus, if the internal structure is carefully examined. Cox (1943) 
announced the presence of a well developed tooth on the anterior auricle of Lima 
(Plagiostoma) hersilia b’ORBIGNy. It may correpond with the anterior tooth in 
this species. Recent species of Lima (s. str.) have also teeth- like projections, 
though they are generally much weaker. 

This resembles the preceding species from the same fossil-bed in the ill-defined 
posterior auricle, gibbose outline and number of radials. But in kobayashit 
radials are never effaced in the central surface, stronger and clearly impressed 
on the internal surface, and the posterior auricle larger. The anterior umbonal 
ridge is more opisthocline in this species. Cox (1943, p. 156) noted that its in- 
clination with regard to the hinge-axis is fairly constant in specimens of the 
same species, and I take it a diagostic character between the two species. Lima 
compressa TERQUEM, 1855, from the lower Lias resembles this in the weak radials, 
but they are more effaced in the central part of this species and the obliquity 
is smaller than that species. Lima (Plagiostoma) aciculata (MUNSTER) (ARKELL, 
1932) from the Corallian is similar to this, but the radials seem more densely 
spaced in the anterior area. This resembles also L. (Pl.) amnifera WILDBORNE, 
1883 (Cox, 1943) from the upper Toarcian, but is distinguishale by the absence 
of a linear groove in front of anterior umbonal ridge and more effaced radials 
on the middle surface. L. (Pl.) savrassovi Kipartsova, 1952, from the Lias of 
Amur may have stouter radial striae. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
and rare in Prosogyrotrigonia inouyei bed at Higashinagano (Locs. 3 and 6) and 
Higashinakayama (Loc. 8). Kosayasut collected a similar specimen from Oxy- 
toma bed at Higashinakayama (Loc. 9). 


Plagiostoma sp. indet. 
Plate VI, Figure 26 


A small right valve (MM 3420, 18.0mm. 16.0mm. high; 2.5mm. thick) does 
not agree with either of Plagiostoma kobayashii and P. matsumotoi in the broader 
main body and nearly smooth surface. This is anyhow a member Plagiostoma 


but specifically indeterminable. 
Occurrence : —Rare in Oxytoma bed at Higashinagano (Loc. 9). Collected by 


KOBAYASHI. 
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Genus Antiquilima Cox, 1943 


T ype-species :—Lima antiquata SOWERBY, 1821, upper Lias, England and 
Germany (original designation) 


Antiquilima nagatoensis HAYAMI, new species 
Plate VII, Figures 4 a-c 


Description : —Shell medium in size, inequilateral, linguiform but somewhat 
opithocline, not strongly inflated, much higher than long ; anterior margin sinuat- 
ed near junction with anterior auricle; posterior margin gently arcuate, passing 
gradually into venter; dorsal margin forming an subsymmetrical obtuse chevron 
of about 140. degrees at beak; antero- and postero-dorsal corners angular and 
obtusely truncated ; hinge-line short, defining a broad triangular cardinal area 
provided with a large subcentral trigonal ligamant pit; anterior umbomal ridge 
absent at all; lunule not impressed; byssal gaping wide, elongated, occupying 
greater part of anterior margin; anterior auricle very large, flattenend but its 
anterior marginal zone fairly thickened; posterior auricle comparatively small, 
ill-defined from main body, obtusely truncated; surface ornamented with 40 or 
a little more fine radial costae of primary strength and somewhat irregular growth- 
lamellae; radials distributed irregularly, sometimes interrupted by growth- 
lamellae, increasing their number through growth by irregular insertion, much 
narrower than interspace; secondaries much weaker than primaries even at 
ventral periphery; anterior auricle marked with strong growth-lamellae, and 
posterior auricle with several weak radials; hinge edentulous; pallial line simple ; 
radials not impressed on internal surface; inner ventral margin smooth. 


Measurement in mm. Length Height Thickness 
Holotype (MM. 3421) right ex. mould 24.5 33.5 6.5 
Paratype (MM 3422) right in. mould 14.0+ 21.0+ ? 


Observation and comparison : —Represented by six specimens. The exterior 
and interior are well revealed in the holotype composed of external and internal 
moulds. In the holotype the radials are interrupted by some strong growth- 
lamellae and their directions are abruptly turned outwards. It is one of original 
characters instead of an accidental damage, for such a tendency is also found in 
some related species to this. 

The elongated outline, large anterior auricle, wide byssal gape, characteristic 
radial and concentric markings and other features coincide well with the diagnosis 
of Antiquilima Cox, 1943. Antiquilima, based on Lima antiquata SowErBy from 
the Lias of England, was originally proposed as a subgenus of Lima, but I regard 
here it as a distinct genus. The mode of ornamentation and byssal structure of 
Antiquilima seem very different from Lima and Plagiostoma. On the other hand, 
the morphological resemblance between Antiquilima and Ctenoides M3rcu, 1853 
(type: Lima scabra Born, by SroriczKa, 1871) is noteworthy. Compared with 
the Recent species of Ctenoides, it is found that the two genera differ clearly in 
the shell-inclination, development .of anterior auricle and ornamentation. Cox 
(1943) said ‘* Antiquilima is abundant in the Lias and persists into the lower In- 
ferior Oolite, then \becoming extinct—a fact which also justifies its separation 
from Recent Ctenoides and suggests that the similarity between the two groups 
constitutes a case of parallel evolution.’”’ In fact, many Lower Cretaceous species 
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of Ctenoides (Woops, 1904, etc.) and a Upper Jurassic one (Kimura, 1951) show 
clear difference from the Liassic group and many allied characters to Recent 
species. 

This is similar to Lima (Antiquilima) antiquata SowrERBy, 1821 (GoLpFuss, 
1836) and L. (A.) cubiferens WuipBorne, 1883 (Cox, 1943), but specifically dis- 
tinguishable from them by the more densely spaced radial costae and more 
‘rounded corner of anterior auricle. Lima nodulosa TERQUEM, 1855, from the lower 
Lias of Paris basin and Mexico (JAworsk1, 1929) shows a similar outline and a 
wide byssal gape in front of anterior auricle, and probably can be included in 
Antiquilima. But the concentric lamellae are more regular and weaker, and the 
radials are broader with numerous small tubercles in that species. Lima prae- 
longa Martin, 1863, from the lower, Lias differs from this in the presence of 
stout primary radials of smaller number and less oblique main body. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Genus Ctenostreon D’ EICHWALD, 1862 
T ype-species :—Ostrea pectiniformis ZIETEN, 1832, Dogger, Europe (monotypy)*. 


Ctenostreon japonicum HAYAMI, new species 
Plate VII., Figures 5, 6 


Description : —Shell small for genus, inequilateral, not strongly inflated, nearly 
acline but somewhat irregular in outline, more or less higher than long; antero- 
dorsal margin slightly concave, while postero-dorsal one broadly convex, auricles 
very unequal; anterior one trigonal with a sigmoidal anterior margin, acutely 
protruded forwards as Chlamys’ byssal auricle, strongly marked with erect growth- 
lamellae; posterior one trigonal, flattened, obtusely truncated ; hinge-line rather 
short ; surface of main body ornamented with about 13 roof-like radial plications ; 
growth-lines very weak on main body; internal structure as in normal Lima; a 
large, somewhat elongated, trigonal central pit present; hinge edentulous; byssal 
gape fairly wide, occupying anterior margin of anterior auricle. Left valve un- 
known. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3424) right ex. mould 22.5 24.5+4 5.0 
Paratype (MM 3425) right ex. mould 26.5 23.0+ 5.0 


Observation and comparison: —Represented by four right specimens. The 
holotype (Fig. 5) and paratype (Fig. 6) are fairly different from each other in 
the development of anterior auricle, but the difference is certainly due to the 
variability within a species. The Chlamys-like protruded anterior auricle is some- 
what unfamiliar for limids, but the auricular sulcus is absent and the cardinal 
area external and triangular with a trigonal pit of limid-type. Judging from the 
presence of byssal gape and the mode of radial ribbing,** this is an early member 
of Ctenostreon, an aberrant but characteristic limid genus ranging from the Lias 
to Lower Cretaceous, though the dimensions are considarably smaller than normal 


species. 


* See GOX (1952, p. 63, footnote). 
** The radial plications of Ctenostreon are about 12 in number according to ARKELL’s 
diagnosis of the genus (1932). 


68 J. HAYAMI 


Lima tuberculata TERQUEM, 1855, non Broccut, 1814,* from the lower Lias 
of eastern Paris basin and Ctenostreon terquemi TATE (ARKELI, 1933)* from the 
pre-planorbis bed of England are nearly coeval with this and similar in the surface 
ornamentation. However, this is different from the two in the more developed 
anterior auricle and coarse concentrics on it. This may be more closely allied 
to Ctenostreon chlamidiforme RoLuerR, 1911 (=Ct. pectiniforme BENECKE, 1905, non 
Scu1oTHeIM, 1820) from the Aalenian. The species has also a Chlamys-like pro- 
truded anterior auricle which is strongly marked with erect growth-lamellae as 
this species. But, the auricle is more triangular with a more pointed antero- 
dorsal extremity than BENECKE’s. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano WES DB): 


Ctenostreon sp. indet. 
Plate VI, Figure 27 


There is another smaller left specimen composed of external and internal 
moulds, which is similar to the preceding species in the radial ornamentation. Its 
dimensions are much smaller (MM 3427,16.5mm. long ; 19.5mm. high ; 1.5mm. thick), 
and may be its juvenile specimen. But it differs from the material of japonicum 
in the opisthocline shell, weaker shell-convexity and smaller anterior auricle 
without strong growth-lamellae. Since no left valve of japonicum is represented, 
it is now impossible to determine whether this is conspecific with japonicum or 
belongs to another species. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Ostreidae LAMARCK 
Genus Liostrea Douvitieé, 1904 
T ype-species :—Ostrea sublamellosa DUNKER, 1851, lower Lias, Europe (by DOUVILLE, 1904). 


Liostrea toyorensis HAYAMI, new species 
Plate VII, Figures 7, 8 


Description : —Shell medium to large, inequivalve, subequilateral, variable in 
outline but usually subovate, more or less expanded towards venter, fairly higher 
than long; left valve strongly inflated ; convexity strong especially near ventral 
periphery ; umbonal area not coiled; right valve comparatively flat or weakly in- 
flated ; umbo opisthogyrous, lying nearly at mid-length; surface of right valve 
marked with irregular concentric growth-lamellae ; no radial ornaments ; ligament 
area of left valve very wide, laminated ; provided with a large trigonal opistho- 
cline pit ; in right valve ligament area much narrower and pit smaller; adductor 
scar strongly impressed in each valve, orbicular, lying slightly posteriorly to center. 


Measurement in mm. hie de: Height Thickness 
Holotype (MM. 3428) left in. are 59.0 68.0 14.5+ 
Paratype (MM 3429) left in. mould 59.0 69.5 13.5+ 
Paratype MiNi ae) right in. mould 39.0 39.0+ 6.0+ 


* Joy (1936) pointed out the loge and renamed the species Ctenostreon terquemi 
JOLY, but the specific name is also preoccupied by Lima terquemi TATE from the pre-planorbis 


bed of Somerset which is certainly referable to Ctenostreon and may be specifically different 
from JOLY’s. 
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Observation and comparison : —Represented by three left internal, a right ex- 
ternal and two right internal moulds. The outline of this species is probably 
not so variable as usual in normal ostreids. Judging from the absence of radial 
plication, general outline and geological occurrence, this is referable to Liostrea 
which has been said to comprise most Jurassic species of non-coiled and 
non-plicated ostreids. Douvirté noted that. Liostrea has less inequivalve 
shells than Recent Ostrea (s.s.), but the difference seems to me somewhat 
obscure, as pointed by ArKELL (1932) and others. In this species the inflation of 
left valve is unusually strong for normal species of the genus. The strong con- 
vexity near ventral periphery is commonly seen in the three internal moulds, 
and may be a striking character of this species. In this respect this may be 
more related to subgenus Catinula thin Liostrea (s.s.). But the umbonal area of 
left valve is considerably flattened, and Gryphaea-like appearance is not recognized. 

Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
and rare in the basal conglomerate at Takayama (Loc. 1). 


Genus Lopha Ropinc, 1798 
(=Alectryonia FISCHER DE WALDHEIM, 1807; Alectryonella SACCO, 1897) 
T ype-species :—Mytilus crista-galli LINNE, 1758, Recent (by DALL, 1898). 


Lopha sazanami HAYAMI, new species 
Plate VII, Figures 9, 11 


Description : —Right valve medium to large, subequilateral, variable in out- 
line, but usually ovate, feebly convex, more or less higher than long; umbo ly- 
ing submesially; surface marked with numerous lamellose concentric growth- 
lamellae and about 17 radial plications which become gradually prominent towards 
ventral periphery and sometimes are bifurcated; umbonal area fairly smooth, 
nearly flat; right valve having a small triangular ligament pit, narrow ligament 
area and rather weakly impressed, orbicular and subcentral adductor scar; no 
crenulation on lateral areas of hinge-plate; nothing known of left valve. 


Measurement in mm. Length Height Thickness 
Holotype (MM. 3432) right ex. mould 58.5 76.5 8.0 
Paratype (MM 3433) right in. mould 38.0 45.5 6.0+- 


Observation and comparison : —Represented by two right external moulds and 
a right internal. There is another external mould (Pl. III, Fig. 10) which is 
apparently different from the holotype and other specimens in the weaker growth- 
lamellae and more angular radial plications. It is unknown whether it is a left 
valve of this species or belongs to another species. Lopha is typically characterized 
by the strongly angulated radial plicae, and Mesozoic species have, in general, 
rather narrow outlines and median partings whence plications are divergent on 
the anterior and posterior slops. The plicated surface. of this species reminds 
one of Lopha, but the plications are weaker, more numerous and rounded in 
comparison with typical Lopha. Hence, its reference to Lopha is provisional. 
This is seemingly different from normal Mesozoic species in the broadly ovate 
outline and absence of median parting. Ostrea (s.s.) has also many radials on 
the surface, ‘but they are much weaker and scarcely plicated except for ventral 
periphery. 
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Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Trigoniidae LaMaRck 
Genus Prosogyrotrigonia KRUMBECK, 1924 


T ype-species :—Prosogyrotrigonia timorensis KRUMBECK, 1924, 
Upper Triassic (Rhaetic ?), Timor (original designation). 


Prosogyrotrigonia inouyei (YEHARA) 
Plate VII, Figures 12-14 
1921, Trigonia inouyei YEHARA, Jour. Geol. Soc. Japan, Vol. 38, p. 8, pl. 15, figs. 1-2. 
1931, Trigonia inouwyei YEHARA, Trigoniae in Japan, p. 22, text-fig. 
1954, Prosogyrotrigonia inouyei KOBAYASHI, .in KOBAYASHI and MORI, Japan. Jour. Geol. 
Geogr., Vol. 25, Nos. 3-4, p. 157, pl. 15, figs. 3-5. 


Occurrence: —Common in Prosogyrotrigonia inouyei bed at Higashinagano 
(Loc. 3, 6) and Higashinakayama (Loc. 8), and rare in Cardinia toroyamai bed 
at Higashinakayama (Loc. 5). The specimens from the last locality are much 
smaller than those from other localities. A specimens from a boulder near Loc. 
6 is about 55mm. in length and unusually large for this species. 


Family Cardiniidae Z1TTEL 
Genus Cardinia Acassiz, 1841* 


T ype-species :—Unio concinnus SOWERBY, 1821, lower Lias and 
Rhaetic, Europe, Greenland and Siberia. 


Remarks: —As discussed before (HAyami, 1958e), Cardinia can be classified 
into several groups on the basis of the outline, umbonal structure and surface- 
ornamentation. Concinna-group, i. e. Cardinia (s. s.) is characterized by the 
elongated outline, undeveloped lunule and weak surface ornaments, and it is 
not impossible that the group was derived from a different stock from that of 
hybrida and other groups. 


Concinna-group 
Cardinia orientalis HAYAMI, new species 
Plate VII, Figure 1 


Description : —Shell large for genus, equivalve, inequilateral, elongate-ovate, 
not strongly inflated, about 1.7 times as long as high; test thick; antero-dorsal 
margin slightly sinuated in front of umbo; postero-dorsal margin long, gently 
curved down to siphonal; apical angle about 120 degrees in external view but 
actually smaller owing to hidden lunule; ventral margin broadly arcuate without 
sinuation ; curvature of margin strong near anterior and posterior extremities of 
shell; umbo fairly prosogyrous, but not much protruded above lunule, lying at 
about a sixth of length from front; lunule probably not deep but clearly defined ; 
escutcheon present, nearly vertical; surface smooth but for several irregular 
concentric lamellae and numerous growth-lines; cardinal teeth apparently obso- 


* The decision of the International Commission on Zoological Nomenclature, Opinion 292. 
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lete; laterals AI, AII, PI and PII remote, short, gradually strengthened towards 
lateral sides; adductor impression stout, of Cardinia-type, a small pedal scar 
present above anterior adductor scar; umbonal cavity shallow. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3439) right in. mould 81.0 47.0 10.0 
Paratype (MM _ 3440) left in. mould 96.5+ 96.5 12.5+- 


Observation and comparison : —Three specimens are at hand. The holotype 
specimen composed of internal and external moulds shows the hinge, musculature 
and non-imbricated surface ornaments. This can be included in concinna-group 
with regard to the large size, elongated-ovate outline, unexcavated lunule and 
weak ornamentation. In most speciés of concinna-group listed before (HaYAmI, 
1958e), the shell is twice or more as long as high. In this respect this may be 
transitional between concinna- and crassissima-groups. Cardinia concinna SOWERBY, 
1821, C. copides RyCKHOLT, 1850 and C. hennoquii TeRouEM, 1855 resemble this, 
but have more elongated outline. Cardinia philea v’OrsiGNy, 1850, from the 
lower to middle Lias of Europe may be also allied to this. Especially Caucasus 
specimen described by PCELINcEv (1937) as C. cf. philea shows similar ornaments 
and shell-elongation. But typical philea, as illustrated by Bouter (1906), has a 
slightly more elongated shell and less terminal umbo than these specimens. 

Occurrence :—Rare in Prosogyrotrigonia inouyei bed at Higashinagano (Locs. 3,6) 


Hybrida-group 
Cardinia toriyamai HAYAMI 
1938, Cardinia sp. listed by TORIYAMA, Jour. Geol. Soc. Japan, Vol. 45, No. 533, p. 251. 


1958, Cardinia toriyamai HAYAMI, Jour. Fac. Sci. Univ. Tokyo, Sec. 2, Vol. 11, Pt. 2, p. 121, 
pl. 11, figs. 1-11. ‘ 


Occurrence : —Common in Cardinia toriyamai bed at Higashinagano (Loc. 5) 
and rare in Prosogyrotrigonia inouyei bed at Higashinakayama (Loc. 8, ‘ToRIYAMA 
coll.). Several well preserved specimens were amplified from ‘Loc. 5, after the 
original description of this species had been published. I note then that the 
ventral margin is slightly sinuated mesially in early stage but the sinuation 
gradually diminishes later. Such a tendency is, however, not always seen in the 
newly collected specimens. 


Family Astartidae GRAY 
Genus Praeconia SToLiczKA, 1871 
(=Theveninia ROMAN, 1921) 
T ype-species :—Astarte terminalis ROEMER, 1842, Dogger, Europe (original designation). 
Plate VII, Figures 15, 16; Plate VIII, Figures 2-4 


Praeconia cf. tetragona (TERQUEM) 


cf. 1855, Cardita tetragona TERQUEM, Mém. Soc. géol. France, Sér. 2, Tom. 5, p. 83, pl. 20, 
figs. 9, 9a. 

non 1862, Cardita tetragona ETALLON, Lethea Bruntrutana, p. 201, pl. 24, fig. 16.* 

non 1872, Cardita tetragona LORIOL, Mém. Soc. Linn. Normandie, Vol. 16, p. 284, pl. 16, 
fig. 18.* 


* Synonyms of Praeconia rhomboidalis (PHILLIPS) according to ARKELL (1934). 


72 I. HAYAMI 


‘cf. 1936, Praeconia tetragona JOLY, Mém. Mus. roy. d’ Hist. nat. Belg., No. 79, p. 127, spl22; 
figs. 5a-c. 

cf. 1937, Praeconia sp. ex gr. tetragona in PCELINCEV, Mon. Pal. USSR, Vol. 48, p. 21, pl. 
5, fig. 18. 

cf. 1938, Astarte (Theveninia) aff. tetragona? in DUBAR, Notes et Mém. Serv. géol. Maroc, 
No. 68, p. 177, pl. 16, figs. 9a, b. 


Description of Toyora specimens: —Shell small to large, subquardate, equi- 
valve, inequilateral, moderately inflated, expanded postero-ventrally, much longer 
than high; antero-dorsal margin short, slightly sinuated in front of beak, provided 
with a small but deeply excavated lunule; postero-dorsal margin long, sub- 
horizontal, turned somewhat abruptly into siphonal; ventral margin straight or 
slightly concave, oblique to hinge; umbo not prominent, very prosogyrous, 
subterminal; surface marked with six or more imbricated and widely spaced 
concentric lamellae and numerous faint growth-lines in adult stage; imbrications 
much weaker and smaller in number in immature stage; escutcheon elongated, 
nearly vertical, striated by oblique growth-lamellae; dentition of Astarte-type ; 
left valve having to cardinal teeth 2 and 4b; 2 tubercular, stout; 4b elongated, 
subhorizontal, gradually weakened posteriorly ; right valve having a stout, trigo- 
nal cardinal 3b and a weak small 3a formed by thickening of pre-umbonal 
margin; laterals undeveloped; anterior adductor scar wedge-like, very strongly 
impressed, but Myoconcha-like buttress absent; posterior adductor scar large but 
comparatively weak; pallial line entire; inner ventral margin weakly toothed ; 
umbonal cavity shallow. 


Measurement in mm. Length Height Thickness 
(MM. 3442) left ex. mould 47.0+ 29.0+ 8.5+ 
(MM 3443) left in. mould 41.0 26.0 9.04 
(MM. 3444) left in. mould 18.0 12.5 3:5 


(MM 3445) right in. mould 18.0 12.0 3.5 


Observation and comparison : —Seven specimens are at hand. The first speci- 
men (Pl. IV, fig. 4) is an incomplete external mould, exhibiting the splendidly 
imbricated surface. The second (fig. 3) is an internal mould of left valve show- 
ing the hinge, musculature and ventral dentation. Two other specimens (PI. III, 
fig. 15, 16; Pl. IV, fig. 2) are probably young individuals. The ventral margin 
seems nearly straight in juveniles, while a distinct sinuation is found in adults. 
The ontogeny can be outlined also from the growth-lines of the first specimen. 

Such an imbricated surface and ventral sinuation remined one of a cardiniid, 
but it is referable to Praeconia by the quadrate outline and dentition of Astarte- 
type. Praeconia is undoubtedly a distinct genus of the Astaridae, but bears some 
affinities to the Cardiniidae and Myoconchidae in dentition and musculature. 
I think that the genus is a Jurassic side branch of the trunk of the Astartidae. 
Both may have been derived almost simultaneously from preheterodont pelecypods. 
Theveninia was originally used as a subgenus of Astarte by Roman (1921) and 
later by Dupar (1948). The type of Theveninia (Hippodium gibbosum pv’ ORBIGNY, 
upper Lias, original designation) has small size and strongly imbricated, widely 
spaced concentric lamellae on the surface, and may constitute a distinct group 
from Astarte terminalis. But I think that they are generically inseparable. Car- 
dita tetragona TERQUEM, 1855, from the lower Lias of Paris basin, which was 
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later correctly referred to Praeconia by Jory (1936), is very similar to this in the 
above mentioned characters, although the dimensions of these specimens are often 
large for that species. The first specimen has much stronger concentric lamellae 
than TeRQuem’s and Jory’s figures, while the surface-markings of smaller speci- 
mens are almost identical with them. As to the outline this has a slightly more 
strongly curved anterior margin, but it is doubtful that such a slight difference 
is worthy of a specific distinction. Praeconia sp. ex gr. tetragona in PértINCEV (1937) 
and Astarte (Theveninia) aff. tetragona? in DuBar (1948) are also comparable 
with this. Astarte (Theveninia) gibbosa(D’ORBIGNY) in RomMAN (1921) from the 
Bajocian of France differs in the more inflated and much smaller shell. 
Occurrence : —Common in Cardinia toriyamai bee at Higashinagano (Loc. 5). 


& 


Genus Astarte SOWERBY, 1817 
(=Crassina LAMARCK, 1819) 


T ype-species :—Astarte lurida SOWERBY, 1817,.Upper Lias and 
Dogger, Europe (by STOLICZKA, 1871). 


Astarte a sp. indet. 
Plate VII, Figure 17 


Represented by an internal mould of right valve. Shell very small, inequi- 
lateral, moderately inflated, longer than high (MM _ 3447, right internal mould, 
6.5mm. long; 6.0mm. high; 1.5-++mm. thick), trigonally orbicular in outline ; 
antero-dorsal margin fairly sinuated in front of umbo, rather short; postero- 
dorsal margin long, nearly straight; ventral one subsymmetrically arcuate ; umbo 
very prosogyrous, acute, lying at about a third of length from front; right valve 
having a strong, triangular cardinal 3b and elongated weak 5b; cardinal sockets 
2’ and 4b’ distinct; laterals obsolete; inner ventral margin marked with about 
35 transverse crenules; exterior unknown. 

This is safely referred to Astarte (s. 1.) in view of the dentition, prosogyrous 
umbo and mode of marginal crenulation. In the absence of distinct 3a this is 
seemingly more related to subgenus Nicaniella CHAVAN, 1945, than Astarte (s. s.) 
This is probably a new form, but the specific identification is still deferred untill 
its exterior is known. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Astarte b sp. indet. 
Plate VIII, Figures 5a, b 


A solitary specimen composed of left internal and external moulds is at 
hand. Shell small, inequilateral, weakly carinated posteriorly,well inflated, much 
longer then high (MM 3448, left internal mould, 7.5mm. long; 6.0mm high; 
2.0mm. thick); posterior margin fairly abruptly turned into venter at postero- 
dorsal and postero-ventral corners; surface marked with somewhat irregular and 
coarse concentric lines; inner ventral margin marked with some 30 transverse 
crenules which are more roughly spaced in posterior part than in anterior; 
hinge unknown; adductor impressions weak for astartid. 

In the presence of ventral crenules this resembles the preceding form, but 
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the outline is more quadrate and the crenules are more widely spaced in the 
posterior part than that form. The small size and outline are at a glance simi- 
lar to Prorokia Boru, 1883 (type: Cardita ovalis QUENSTEDT, 1852, Malm, Europe, 
original designation), such as Prorokia rustica (LycetrT, 1863) (Cox and ARKELL, 
1948) from the British Great Oolite series. The mode of shell-convexity is, how- 
ever, not typical of Prorokia. This is very similar to Dumortier’s figure (1874) 
described as Astarte lurida in the outline and surface-markings, but typical A. 
lurida SOWERBY seems to me less quadrate in outline. 
Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5.). 


Family Fimbriidae Nicor 
Genus Fimbria MEGERLE, 1811 
(=Corbis GQUVIER, 1817) 


T ype-species :—Fimbria magna MEGERLE, 1811, Recent (=Venus 
fimbriata LINNE, 1758) (monotypy). 


Fimbria sp. indet. 
Plate VIII, Figure 9 


Only a fragmental external mould is at hand (MM _ 3449). Whether it is 
right or left is unknown. Shell small for genus, ovate, longer than high; surface 
marked with more than 13, narrow, equidistant, raised, not sinous concentric 
ribs and numerous fine interstitial radial threads; radials somewhat weakened 
laterally. Judging from the characteristic ornamentation, it is referable to Fim- 
bria which is considered as an element of warm sea. It may be the earliest re- 
presentative of the genus. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5.). 


Genus Sphaeriola StoriczKa, 1871 


Type-species :—Cardium madridi D’ARCHIAC, 1842, Bathonian, Europe 
(original designation). 


Sphaeriola nipponica HaYAMI, new species 
Plate VIII, Figures 10-13 


Description : —Shell medium to fairly large for genus, equivalve, subequilate- 
ral, globose in outline with length more or less in excess of height, well inflated ; 
the greatest convexity lying subcentrally or slightly posteriorly; test pronouncedly 
thick in full-grown stage; shell-margin gently arcuate without any striking 
angulation or sinuation, though antero-dorsal corner sometimes obtusely angulat- 
ed; siphonal margin not clearly defined from postero-dorsal and ventral ; postero- 
dorsal margin a little longer than antero-dorsal; umbo slightly prosogyrous, 
recurved, rising highly above hinge-margin, lying submesially; surface smooth 


except for numerous fine concentric growth-lines; hinge somewhat Schafhdutlia- 


like, consisting of two cardinals in each valve; right valve having strong cardi- 
nals 3a and 3b which are subsymmetrically disposed, imcompletely differentiated 
from each other and form an obtuse chevron of about 100 degrees at beak; left 
valve having a nearly acline tubercular cardinal 2 and narrow elongated 4a; the 
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former interrupted from beak by a continuous and chevron-like cardinal socket 
3a’-3b’; the latter formed by a thickening of pre-umbonal margin, ill-defined 
from it; lateral teeth undeveloped, although sometimes a small elevation is seen 
on posterior hinge area of right valve; lunule absent or, if present, very small; 
escutcheon very narrow but well marked; ligament opisthodetic, external; ad- 
ductor impressions subequal, slightly elongated subvertically but very weakly 
impressed ; pallial line obscure but certainly entire; inner ventral margin quite 
smooth. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3450) right in. mould 24.5 22.8 9.0 
Paratype (MM 3451) right in. mould . 44.0 44.0 12.5 
Paratype (MM 3452) left in. mould 31.5 31.5 10.0 
Paratype (MM 3453) left ex. mould 21.5 19.5 6.0 


Observation and comparison: —Many specimens are available for study. The 
chevron-like hinge-structure is seen in the holotype and other internal moulds. 
Large specimens show stronger shell-convexity than small ones; and it is pro- 
bably due to shell-thickening in gerontic stage. The hinge-structure and the 
presence of lateral-like projection at the posterior hinge area of right valve bear 
some affinities to Fimbria MEGERLE, 1811, but the shell-surface is almost smooth 
and lack any radial and concentrics ribs. The globular outline with strong 
convexity, smooth surface and hinge-teeth including the chevron-like 3a-3b and 
weak subhorizontal 4a are closer to those of Sphaeriola Sto.iczKa. According to 
StroriczKa (1871), Sphaeriola is readily distinguishable from Fimbria by the absence 
of lateral teeth and more globular outline. The lateral-like projection in this 
species is weak and even invisible, and it cannot be warranted that it is actually 
homologous with the posterior lateral of normal heterodont pelecypods. Such 
strongly inflated shells with chevron-like cardinals are known as Schafhéutlia 
CossMANN, 1897 (=Gonodon ScHAFHAUTL, 1863; Gonodus WO6HRMANN, 1893) in the 
Triassic. The type-species of Schafhdutlia (Isocardia ovata MinsTeER in GoLpFuss, 
1836) is an Oolitic species, but the greater development of the genus is seen al- 
ready in the Triassic. Unfortunately, I could not observe the hinge structure 
of either the type-species or Japanese Triassic species, but the dentition of 
several Triassic species was clearly illustrated by BITTNER (1895, 1901), FREcH 
(1907) and Diener (1925). The cardinal teeth 3a and 3b in right valve are ill- 
differentiated and united beneath the umbo in Triassic Schafhdutlia, but in 
Sphaeriola and this species the chevron is not so obtuse as in that genus. The 
subhorizontally elongated cardinal 4a of this species is not so developed as typical 
Sphaeriola in pv’ARcHIAC’s figure. In this respect it may be transitional between 
Triassic Sphafhdéutlia and Jurassic Sphaeriola. 

It is very similar in the hinge, if the undeveloped cardinal 4a is ignored, to 
Sphaeriola madridi (b’ARCHIAC, 1842) (LAuBE, 1867; RoLiER, 1913) from the Dog- 
ger of Western Europe, the type of the genus. But concentric lines are much 
weaker in the present species. In this point it may be more closely related to 
Sphaera madridi in Morris and Lycetr (1853) from the Great Oolite, which 
should be referred to Sphaeriola oolithica (ROLLIER, 1913) according to Cox and 
ARKELL (1948, 1950). It is, however, characterized still more delicate concentrics, 
more rounded antero- and postero-dorsal margins and smaller apical angle. 
Sphaeriola leedae Marwick, 1953, from the Aratauan (lower Lias) of New Zea- 
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land is nearly coeval but differs from it in the more inequilateral’ outline and 
more differentiated cardinal 3a and 3b. Corbis (Sphaeriola) sibirica ]KIPARISOVA, 
1952, from the Lias of Amur is also similar to it, but the umbo is more salient 
in that species. Its further comparison with the Amur species is impossible, 
since the hinge is unknown. 

Occurrence : Common in Cardinia toriyamai bed at Higashinagano (Loc. 5.). 


Family Lucinidae FLEMING 
Genus Lucina LAMARCK, 1799 (sensu lato) 
Lucina (s. 1.) hasei HAYAMI, new species 
Plate VIII, Figures 6-8 


Description : —Shell small for lucinid, inequilateral, suborbicular, well inflated, 
nearly as long as high; post-umbonal margin nearly straight, forming an apical 
angle of about 100 degrees with slightly sinuated pre-umbonal margin, fairly 
abruptly turned into siphonal margin; ventral margin symmetrically arcuate ; 
umbo prominent, prosogyrous, rising highly above dorsal margin; surface orna- 
mented with strongly imbricated concentric lamellae whose intervals become 
gradually broader towards venter; hinge of lucinoid type, composed of two 
cardinals and a pair of isolated short laterals in each valve, though 3a is em- 
bryonal and often indiscernible; escutcheon clearly defined; lunule narrow but 
strongly impressed; anterior adductor scar strongly impressed and fairly elon- 
gated downwards; posterior one subovate; pallial line distinct, entire, close to 
ventral margin; inner ventral margin smooth without crenulations. 


Measurement in mm. Length Height Thickness 
Holotype (MM 3455) left ex. mould 8.5 8.5 a0 
Paratype (MM 3456) right ex. mould 11.0 10.5 3.0+ 
Paratype (MM 3457) right ex. mould 9.0 cD 3.0 
Paratype (MM 3458) right in. mould ues 7.0 2 


Observation and comparison: —Many specimens are at hand. The holotype 
(figs. 7a, b) composed of external and internal moulds reveals concentric orna- 
mentation and muscle structure. The exterior with such a strong ornamentation 
reminds one of a certain astartid especially Eriphylopsis Mrrx, 1876, but the 
concentrics are strongly imbricated and the musculature is clearly of Lucina-type. 
It cannot, however, be a typical Lucina, since Lucina (s. s.) is characterized by an 
almost edentulous hinge. A comprehensive study of fossil lucinids was undertaken 
by Cuavan (1937-1938), but the dentition and musculature of Jurassic species are 
not as yet sufficiently clarified. Cuavan is of opinion that subgenus Callucina 
Dat, 1901, of Lucina is present already in the Jurassic and several Oolite species 
belong to the subgenus. In the undeveloped cardinal 3a and presence of short 
laterals, this is fairly similar to the subgenus. But the cardinals are so stout and 
concentric lamellae so strongly imbricated that I hesitate to apply the subgeneric 
name to it. Externally it is somewhat similar to young specimens of Prosogyro- 
trigonia inowyei (YEHARA) from the same bed, but readily distinguished by the 
more prominent umbo, continuous and imbricated concentrics and presence of 
a distinct lunule. In the ornamentation this is at a glance akin to some speci- 
mens of Eomiodon vulgaris Hayamt, 1958, from various horizons of Lias in 
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Northeast and Central Japan, but distinguishable from it by the less elongated 
shell, smaller lunule and different mode of occurrence, even if their hinges are 
not observable. 

Occurrence : —Common in basal conglomerate at Takayama (Loc. 1) and in 
Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Family Cardiidae Lamarck 
Genus Cardium Linn£, 1758 (sensu lato) 


Cardium (s. |.) naganoensis Hayat, new species 
Plate VIII, Figures 14, 15 


Description: —Shell small to medium, equivalve, subequilateral, elliptical, 
moderately inflated, much longer than high; test moderate in thickness; antero- 
dorsal margin a little concave; postero-dorsal one nearly straight; ventral one 
broadly arcuate; the greatest convexity lying near center of valve; umbo slightly 
prosogyrous, submesial, rising slightly above hinge-margin; surface smooth except 
for faint concentric lines of growth; no trace of posterior radial ribbing present, 
but inner ventral margin marked with numerous fine transverse crenules; den- 
tition of cyclodont-type; right valve having two conical cardinals 3a and 3b and 
a pair of isolated laterals which are symmetrically elongated along antero- and 
postero-dorsal margins; musculature unknown. 


Measurement in mm. Length Height Thickness 
Holotype (MM _ 3461) right in. mould yi Wis} Ws 5.0 
Paratype (MM 3462) left in. mould 29.0 23.5 6.0 


Observation and comparison : —Represented by three specimens. The holotype 
composed of right external and internal moulds exhibits the smooth surface and 
dentition of cardiid-type. The ventral crenules may imply the presence of radial 
ribbing, but they are, if present, much weaker than growth-lines. It is consi- 
dered as a member of cyclodonts, but the generic position is uncertain. So far 
as I am aware, most Jurassic cardiids belong to Protocardia or Pterocardia, and 
no allied species is found in foreign literatures. Several Jurassic species hitherto 
referred to Cardium have distinct radial ornaments. This may belong to a 
certain unnamed genus of the Cardiidae, and its generic referrence to Cardium 
(s. 1.) is provisional. 

Occurrence: —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Genus Protocardia BEyRicH, 1845 


T ype-species :—Cardium hillanum SOWERBY, 1812, Cretaceous, England 
(by HERRMANNSEN, 1847). 


Protocardia onoi HAaYAMI, new species 
Plate VIII, Figures 16-18 


Description : —Shell small, fairly inequilateral, subtrigonal, well inflated, more 
or less longer than high; posterior carination fairly sharp but gradually weakened 
towards postero-ventral periphery; umbo submesial, orthogyrous, rising highly 
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above hinge-margin; radial ribs about 23 in number, distributed not only in 
posterior area but 3 or 4 also in front of posterior carination, gradually weaken- 
ed towards anterior; whole surface marked with numerous faint growth-lamel- 
lae, but concentric ribs absent; left valve provided with a pair of short lateral 
teeth subparallel to pre- and post-umbonal margins; cardinal teeth and muscu- 


lature not observed. 
Sean ee Se hte er E lil eile ee 


Measurement in mm. Length Height Thickness 
Holotype (MM 3463) left ex. mould 14.0 13.0 4.5+ 


Paratype (MM 3464) left in. mould 15.0 12.5 ? 


Observation and comparison: —Four specimens are at hand. The holotype 
composed of left external and internal moulds shows radial ornaments of Proto- 
cardia-type. The most anterior radial rib does not coincide with the posterior 
carination in this species. It is somewhat similar to Protocardia contusa HEALEY, 
1908, from the Napeng beds of Upper Burma and to P. kurumensis HAYAMI, 
1958d, from the Domerio-Toarcian of Central Japan. But it is different from 
the former in the larger number of radials and the more obscure boundary of 
their distribution, and from the latter in the absence of prominent concentric 
ornamentation on the anterior and middle parts of shell-surface. Protocardia 
rhaetica (MERIAN) (Moore, 1861 ; ARKELL, 1933 ; TRoEDSSON, 1951) and P. phillipiana 
DunKER, 1851 (QUENSTEDT, 1858) from the Rhaeto-Lias of Europe, which have 
been often treated as a single species, differ from this in the more wide-spaced 
radials and more postero-ventrally expanded outline. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano 


Family Pleuromyacidae ZITTEL 
Genus Pleuromya Acassiz, 1843 


Type-species :—Mya gibbosa SOWERBY,. 1825, Upper Jurassic, Europe 
(by HERRMANNSEN, 1847) 


Pleuromya sp. indet. 
Plate VIII, Figure 19. 


All ill-preserved internal mould of left valve (MM 3467, 13.0mm. long; 7.5 
mm. high) is referable to Pleuromya from the outline, though specifically indeter- 
minable. 


Occurrence : —Rare in Prosogyrotrigonia inouyei bed at Higashinagano (Loc. 3). 


Incertae sedis 
Genus and species indet. a 
Plate VIII, Figure 21 


A right internal mould is at hand (MM 3468, 29.5mm. long; 23.5mm. high 
7.0+mm. thick). Shell medium, trigonally ovate with straight pre- and post- 
umbonal margins, elongated posteriorly, moderately inflated; test probably thick ; 
hinge composed of a slightly prosocline triangular cardinal tooth which is border- 
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ed on each side by a triangular socket ; adductor scars very large and strongly 
impressed ; pedal scar distinctly marked above anterior adductor; pallial line 
distinct, entire; test sharply truncated at ventral margin, which is marked with 
numerous transverse crenules. This bears some alliance to the Astartidae in the 
large adductor scars. and other muscle features, but differs from, them tolerably 
in the dentition and outline. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 


Genus and species indet. b 
Plate VIII, Figure 20 


Represented by three specimens. *Shell medium, equivalve, subequilateral, 
subrhomboidal to orbicular in outline, much longer than high (MM 3469, right 
in. mould, 42.0mm. long; 31.0mm. high; 6.5mm. thick); antero-dorsal margin 
broadly excavated, while postero-dorsal is nearly straight; lunule elongated but 
narrow; umbo slightly prosogyrous, submesial; hinge-composed of two small 
cardinal teeth in each valve having an isolated anterior lateral tooth; ventral 
margin smooth; surface smooth but for growth-lines. It seems to belong to the 
Superfamily Lucinaceae, but, so far as I am aware, there is no generic name 
suitable for this form. 

Occurrence : —Rare in Cardinia toriyamai bed at Higashinagano (Loc. 5). 
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Plate V 


Explanation of Plate V 


Nuculopsis (Palaeonucula) sp. indet........c:ccccccceceeeeeseeeeeeeeeeeeeeceereeeseeeeentenecueneemenseeeeees p. 40 
Fig. 1. Right internal mould (MM 3350), x3, Loc. 5. 
Nuculana (Dacryomya) toriyamae HAYAMI, 0. Spy ...ssesssseeeeeceeseeteseseecsesenenneseeeeeenuenness p. 41 


Fig. 2. Left internal mould (MM 3353), paratype, x2, Loc. 5. 
Fig. 3. Glay cast of left external mould (MM 3352), holotype, x2. Loc. 8. (TORIYA- 
MA coll.) 
Parallelodon infraliassicus HAYAMI, DT. SP. ...csecccssecsecceecsaneceecentecrseccansececesssaneese sees p. 42 
Fig. 4. Left internal mould (MM 3356), paratype, 1.5, Loc. 5. 
Fig. 5. Fift internal mould (MM 3356), paratype, S¢L.5; Mocs. Os 
Fig. 6. Left internal mould (MM 3357), paratype, x2, Loc. 5. 
Parallelodon ch.\-271f raliassictss RELA GAW eset steme tee See ee ele ele eee et eet eee ee p. 43 
Figs. 7a, b. Gypsum cast of right external mould and internal mould of the same 
specimen (MM 3359), 1.5, Loc. 5. 
Parallelodon:(?)-subnacicellas TAY AMI. Gn. Sie seadiie-- ate tee centers svouseored sacri area eere een enare p. 44 
Figs. 8a, b. Right internal mould and clay cast of external mould of the same speci- 
men (MM 3360), holotype, x1, Loc. 5. 
Grammatodon toyorensis TIAYAMI, Me Spey ecesrereesc teen ek ealrercsiene ects seein aaa eeies a tesee eens p. 45 
Fig. 9. Left internal mould (MM 3361), holotype, x2, Loc. 5. 
Fig. 10. Left internal mould (MM 3362), paratype, x2, Loc. 5. 
Fig. 11. Left internal mould, exhibiting the dentition (MM 3364), x2, Loc. 5° 
Fig. 12. Clay cast of left external mould (MM 3363), paratype, x2, Loc. 5. 


Modiolus magatama’ WAYVAMI, NA 'spsr secre -aee~ secnas iste cleciaes cease ose seebaeaeesecesns sees peeaaser eens p- 46 
Fig. 13. Left valve (MM 3366), holotype, <2, Loc. 3. 
Oxytoma ck cyenipes (YOUNG ‘and. BIRD))ve.s.csneve sane ects eee een ee eke ene ease ee eee p. 48 
Fig. 14. Left external mould (MM 3371) and internal mould of Rimirhynchia sp., X1. 
TEOG.o70: 
Oxytoma kobayashit FAV AML, 5. Spiieen 556s cu <a smmnceete eo gaers ene ae ae p._49 


Fig. 15. Left internal mould (MM 3372), holotype, x2, Loc. 9. 
Fig. 16. Left valve (MM 3373), paratype, x2. Loc. 9. (KOBAYASHI coll.) 
Fig. 17. Right internal mould (MM 3374), paratype, x2. Loc. 9. 
Oxytoma inequivalvée(SOWERBYW)G % cies oesceecucctasts ties esi oaasion | satan nc aneeaa eeasee tee eee eee p- 50 
Fig. 18. Left valve (MM 3376), x2, Loc. 4. 
Fig. 19. Left valve (MM 3375), x2, Loc. 9. 
Meleagrinella japonica HAYAMI, n. SP. ..eeeeceecesseeeeeeeeeseseeeeseene ti cual ca pena aa oe ee eee p- 47 
Fig. 20. Right internal mould (MM 3370), paratype, x2, Loc. 8. 
Fig. 21a, b. Left internal mould and clay cast of the same external mould (MM 3368), 
holotype, x2, Loc. 8. 
Fig. 22. Left internal mould (MM 3369), paratype, x2, Loc. 3. 
Chlamys textoria (GOLDBUSS)iis.cscguesensxosdss tasduvacssti ae ee i ee ee p. 52 
Figs. 23a-c.- Internal and external moulds of right valve (MM 3379) and gypsum cast 
of the latter, x1.2, Loc. 5. 
Fig. 24, Internal mould of right valve (MM 3383), x1.5, Loc. 5. 
Fig. 25. Gypsum cast of right external mould (MM 3380), 1.5, Loc. 5. 
Figs. 26a, b. Right external mould (MM 3318) and its gypsum cast, X1.5, Loc. 5. 
Fig. 27. Gypsum cast of left external mould (MM 3382), x1.2, Loc. 3. 
* Aequipecten”” sp. indet. ..+..+:...séelieciavexstslenyieys uae nua) SRR etn eee p. 57 
Fig. 28. Gypsum cast of right (?) external mould (MM 3390), x1, Loc. 5. 


All specimens illustrated here are kept in the Geological Institute, University of Tokyo. 
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ei Aequipecten’ 2: toyorensis. ELA YAM, 11.) Spiss eee cecs as cer actcles- eee tevsece see mee ee enter ery eee p- 55 
Figs. la, b. Right internal mould and gypsum cast of the same external mould (MM 


3384), holotype, x2, Loc. 5. 
Fig. 2. Clay cast of left external mould (MM 3385), paratype, x2, Loc. 5. 
Fig. 3. Right internal mould (MM 3386) paratype, x2, Loc. 5. 
Fig.4. Right internal mould (MM 3388), x1, Loc. 6. 
Fig. 5. Juvenile right internal mould (MM 3383), paratype, x2, Loc. 5. 


Entolium cf. calddm (GOEDFUSS)! . Fic eesteere hoot een enone one ok oat ae eieeL hee Rene eer eee eee 
Figs. 6a, b. Left internal mould and clay cast of the same external mould (MM 3392), 
15; Loc. 5. 
Fig. 7. Right internal mould (MM3391), 1.2, Loc. 5. 
Fig. 8. Fragmental right internal mould (MM 3393), 1.2, Loc. 3. 
Fig. 9. Left internal mould (MM 3393), 1.2, Loc. 3. 


Entolium sp. indets- ips ccscs'eedncesvswaneat-setece ou ctmen tent te tre eal ece et ees te sn re Ongena p- 60 
Fig. 10. Right internal mould (MM 3398), 1.5, Loc. 9. (KOBAYASHI coll.) 


Entolium cf. lunare (ROEMER)) 24. [3hcscasnssnaseseeetheenera sen eek sentra eae nee meee nee eae oe p. 59 
Fig. 11. Left internal mould (MM 3396), x1, Loc. 3. 

Britolitimt (2) spe Wet. 2203. cases sa coecedetaes en eo ynsco catennne Sens enae ooeee tere teehee pee eae eens p. 60 
Fig. 12. Left internal mould (MM 3399), 1.5, Loc. 5. 
Fig. 13. Clay cast of left external mould (MM 3400), 1.5, Loc. 5. 

Plicatula subcircularis TAIAY AMI, De Spoeiecsseeraee esearch eae eee nese eee eee p- 60 
Fig. 14. Left internal mould (MM 3401), holotype, <1, Loc. 5. 
Fig. 15. Clay cast of left external mould (MM 3402), paratype, <1.2, Loc. 5. 
Fig. 16. Right internal mould (MM 3403), x1, Loc. 5. 

Plicatula praenipponica TIAYAMI, ‘DS:8Ps o.cucesesaes-cue cb ees sereaeeteece eo necece eae e tee eee ee p. 61 
Fig. 17. Left internal mould (MM 3407), paratype, x1, Loc. 5. 
Fig. 18. Clay cast of left external mould (MM 3409), x1, Loc. 5. 
Figs. 19a, b. Left internal mould and gypsum cast of the same external mould (MM 


3406), holotype, 1.2, Loc. 5. 


p- 57 


SLING?’ SPs NCEE. <0. ovecnciexesaeetesee srviacevensc tue wmaatinseesaveas acabiecceeceeeaaene vs eth ean taea 7 ae p- 62 
Fig. 20. Left valve (MM 3410), x2, Loc. 9. (KOBAYASHI coll.) 
Plagiostoma kobayashit TAVAMI, Di Sp., <a.s.ecseo-suenaseeseepsrasec se settcee et metee eet eee ee p. 63 


Fig. 21a. Gypsum cast of right external mould (MM 3411), holotype, x1, Loc. 5. 
Fig. 21b. Postero-dorsal part of the same specimen, x3. 
Fig. 22. Gypsum cast of right external mould (MM 3413), x1, Loc. 5. 
Fig. 23. Right internal mould (MM 3412), paratype, x1, Loc. 5. 
Elagiostoma moatsumoror FLAY AMI, oe SPictyass-cpecs<neoecee cases tee ceeee cone eae eet eee ae p. 64 
Fig. 24. Right internal mould (MM 3417), paratype, <1, Loc. 5. 
Fig. 25. Left intarnal mould (MM 3414), holotype, x1, Loc. 3. 


PTA SSLOMG SP ADEE.» 6.<03000ace inns dice anh saline? RNesgy oVaeEeS tas eR ea eee ae p. 65 
Fig. 26. Right valve (MM 3420), 1.5, Loc. 9. (KOBAYASHI coll.) 
CHAOSTIEOR Sp. NACL. 5...005 cancuanesnavesinys ven avaarnenecxesschnuasyees Runt E one Cmte ane ean p- 68 


Fig. 27. Clay cast of right external mould (MM 3427), x1, Loc. 5. 


All specimens illustrated here are kept in the Geological Institute, University of Tokyo. 
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Plagiostoma matsumotoi HAYAMI, 1. Sp. ..ssesseecccceenseseeecassasseccnseeceerceecerseseceanssscensnnees p. 64 
Fig. 1. Right internal mould (MM 3416), paratype, <1, Loc. 5. 
Fig. 2. Gypsum cast of left external mould (MM 3415), paratype, x1, Loc. 5. 
Fig. 3. Postero-dorsal part of left external mould (MM 3418), x3, Loc. 5. 
Antiquilima nagatoensis HAYAMI, 0. Sp.........+0+ ge epiaiclle deities wall pean Wie hae Mamep Riera ee seme ta coaen p- 66 
Figs. 4a, b. Left internal mould and gypsum cast of the same external mould (MM 
3421), holotype, x1, Loc. 5. 
Fig. 4c. Postero-ventral part of the same specimen, x3, Loc. 5.’ 
Ctenostreon japonicum HAYAMI,: De-SP. csccsetesselesssectecescennasdecesseeresscecssececencseceescnsevcsees p- 67 
Figs. 5a, b. Right internal mould and gypsum cast of the same external mould 
(MM 3424), holotype, x1, Loc. 5. 
Fig. 6. Gypsum cast of right external mould (MM 3425), paratype, X1, Loc. 5. 
Ltostrea toyorensis TAAYAMI, 1. SP. Be Race oth ote sciancevaunareedy+<0 view eoseaecsneeeowrctins olsen ci clacienersi p. 68 
Fig. 7. Left internal mould (MM 3428), holotype, x1, Loc. 5. ; 
Fig. 8. Right internal mould (MM 3430), paratype, x1, Loc. 5. 
Lopha: sazanami TAAYAMI, The Spe wees ceccacsesomes de eben sagnetweecereeesnssietesewscoaehiaae- 2 eemersesemers p- 69 
Fig. 9. Right internal mould (MM 3431), paratype, x1, Loc. 5. 
Fig. 10. Right external mould (MM 3433), paratype, x1, Loc. 5. 
Fig. 11. Gypsum cast of right external mould (MM 3432), holotype, X1, Loc. 5. 
PLrosOByTOtrnigonia inouyer (YX EELARA)) ine acetsnatesascieeasniost as sacs cogs eevee darlene eae taahee seattle nate p- 70 
Fig. 12. Clay cast of left external mould (MM 3437), x1, Loc. 3. 
Fif. 13. Left internal mould (MM 3436), 1.5, Loc. 5. 
Fig. 14. Clay cast of left external mould (MM 3438), x1.5, Loc. 3. 
Praeconia ch. tétracond (LERQUEM) civ .cecsssesceceaeces tse eee eae tee ae ae one eee eee pid 
Fig. 15. Left internal mould (MM 3444), 1.5, Loc. 5. 
Fig. 16. Right internal mould (MM 3445), 1.5, Loc. 5. 


Alstarte A. SP.. INACtsis0sa0cescosnsashesstdi se acccesadesssecease sy coece =n aah onecatneed Autec ee eaaneaee anes ate ps. 13 
Fig. 17. Right internal mould (MM 3447), x3, Loc. 5. » 
Oxytoma iieqgsdioalve, (SOWERBY)& s.scassssccce sated case ene oaee eueea anen ea eere eee ne eee eee p- 50 


Fig. 18. Right valve (MM 3376), x2, Loc. 9. 


All specimens illustrated here are kept in the Geological Institute, University of Tokyo. 


Jour. Fac. Sci., Univ. Tokyo, Sec. II, Vol. XII, Pt. 1, Pl. VU, 


" akin = Ye i c+ rd abled © : 
nil dicta a? fs ch; ce em ; ies 
i | 
— — 
¢ 1 oh » i r e 
E> & ae 
3 Mets 3255 a ok yt CF HAvant Sane tact 
: u 5 % : ae Zeit 


Lower Liassic Lamellibranch Fauna of the Higashinagano 
oS So) Formation in West Japan ar 5) 


<- owl Oi = 9 


ae - << ‘ P ‘ 


ee ssataeel : | 


Explanation of Plate VIII 


Cardinia orientalis TAYAMI,. 11. SPs .....cesesccceesececencecadescesduatcecseceeenersermedaptacscansernenccnss ps 70 
Fig. 1. Right internal mould (MM 3439), holotype, x1, Loc. 3. 
Pyraeconia ch. tetragona (TERQUEM). ....-cecscesccescevenesousoe sos vs asiee Mee siee tileleane cleric aelel)\a sare ps 7! 


Fig. 2. Glay cast of left external mould (MM 3444), the same specimen as on Pl. III, 
Lion LO <2 LOCH Os 

Fig. 3. Left internal mould with impression of exterior of Sphaeriola nipponica (MM 
3443), x1, Loc. 5. 

Fig. 4. Gypsum cast of fragmental mould of left valve (MM 3442), x1, Loc. 5. 


Astartev (Specadet.. ones .cavanscctecd sa bee nad notlbsecunmtpeidnsanse sides attante eciee ave tere ee Reere aie serine tee ea p. 73 
Figs. 5a, b. Left internal mould and clay cast of the same external mould (MM 3448), 

53, UuOCs).O: 
Lucinai(s: |.) haset FAYAMI,. 11s Spi_ ececssesnacswanecunaensiewerrnastomicsscene tenes mceea-e pram eee saee p- 76 


Fig. 6. Clay cast of right external mould (MM 3457), paratype, x2. Loc. 5. 

Figs. 7a, b. Left internal mould and clay cast of the same external mould (MM 3455), 
holotype, <3, Loc. 1. 

Fig. 8. Clay cast of right external mould (MM 3456), paratype, X2, Loc. 5. 


FUabr ve: SPs INGE «auc Sdeee accesses anand qesees Tod-awe ea earn acet ees aveceelsaleeids dete cee sees aeetter eaee mere p- 74 
Fig. 9. Clay cast of external mould (MM 3449), x2, Loc. 5. 
ISPRACT IOI“ MIpponica FIAN.AMI, Mi. Sp) ai:s.css secaens inane. s eetescasesceces ania a areen ee Miiacnereiecsr: p-. 74 


Fig. 10. Gypsum cast of right internal mould (MM 3451), paratype, <1, Loc. 5. 
Fig. lla, b. Left external mould and clay cast of the same specimen (MM 3452), para- 
EY DE Wl e2 5) LOCo 0: 
Fig. 12a, b. Right internal mould and clay cast of the same specimen (MM 3450), holo- 
type, 1.2, Locx5. 
Fig. 13. Clay cast of left external mould (MM 3453), paratype, 1.2, Loc. 5 
Cardium (s..\.) naganoenseNHAY AMI, 1m. Sps (2: .ccecncsaensee ee reen acess emanate oe ane eee eee ps 77 
Figs. 14a, b. Right internal mould and clay cast of the same external mould (MM 
3461), holotype, 1.2, Loc. 5. 
Fig. 15. Left internal mould (MM 3462), paratype, x1.2, Loc. 5. 
Protocardia-Onol VIAN AMI. ns SPs. ceca ones aconies seems tas deeds earch Oe eaeere ecm eee pe77 
Fig. 16. Left internal mould (MM 3464), paratype, x2, Loc. 5. 
Fig. 17. Clay cast of left external mould (MM 3463), holotype, x2, Loc. 5. 
Fig. 18. Clay cast of left external mould (MM 3465), paratype, X1.5, Loc. 5. 


PICUTOINYE SP. INdets Wi i dosed vsae sanosednsedcbaneeueatunteesn ieemac wae acee a2 Sek ge eee a a eee p. 78 
Fig. 19. Left internal mould (MM 3467), x2, Loc. 3. 

Genus, ‘and “species: iNet. Yess ee. Suen nowee ote neds) «Raper cam “Acasa nee een oui sebeeuyneet ene hee eee ae eaeneRenE pe 79 
Fig. 20. Right internal mould (MM 3468), x1, Loc. 5. 

Genus and species INGet. A Lac. eanseneccancavectsuespaceauseeansecwenss eevee ae eeeeeaae te: eaten enna p- 78 


Fig. 21. Right internal mould (MM 3469), x1, Loc. 5. 


All specimens illustrated here are kept in the Geological Institute, University of Tokyo. 
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HORNBLENDES OF BASIC METAMORPHIC ROCKS 


Fumiko SHIDO and Akiho MIYASHIRO 


Abstract 


Five hornblendes from basic metamorphic rocks of the central Abukuma 
Plateau in Japan and six hornblendes from Dalradian epidiorites of the Gram- 
pian Highlands in Scotland were separated and analyzed. The relation be- 
tween their compositions and the physical and chemical conditions during the 
metamorphisms concerned are discussed in some detail. The results generally 
confirm our earlier conclusions. 

The progressive compositional variations of plagioclase and epidote in Dal- 
radian epidiorites are examined. Analyses of a chlorite and pyralspite garnet 
from Dalradian epidiorites are given, and their paragenetic relations are discussed. 


I. Introduction 


Recently we studied the regional metamorphic rocks of the central Abukuma 
Plateau in Japan (Su1p6, 1958; Mryasutro, 1958). The mineralogical variations 
with increasing grade of metamorphism were described in detail. Similarities 
and differences between this regional metamorphism and that of the Grampian 
Highlands of Scotland were discussed. The data on the Grampian Highlands 
were taken from the literature, especially from WusEMAN (1934) and SNELLING 
(1957): 

After our papers were published, we still felt it desirable to obtain further 
mineralogical data on the basic metamorphic rocks, not only of the central Abu- 
kuma Plateau but also of the Grampian Highlands for the purpose of comple- 
menting our discussion. Then, five new analyses were made on metamorphic 
hornblendes of the central Abukuma Plateau. We had a set of specimens of basic 
metamorphic rocks, usually called epidiorites by British geologists, from the Gram- 
pian Highlands. They were kindly given to us by Dr. S.O. Acretr of the Uni- 
versity of Cambridge in the autumn of 1957. We studied hornblendes and other 
minerals in these epidiorite specimens. 

The results of these studies will be given in this paper. 

We are greatly indebted to Dr. S.O. Acrett for the epidiorite specimens. 
Our sincere thanks are due to Prof. I. Iwasax1, Dr. T. Katsura and Mr. H. 
Haramura of the Tokyo Institute of Technology for the chemical analyses used 
in this paper. 


II. Calciferous Amphiboles of the Central Abukuma Plateau 


1. Summary of our Earlier Results on the Calciferous Amphiboles 
of the Central Abukuma Plateau 


-In the central Abukuma Plateau, Surp6 (1958) and Mryasuiro (1958) adopted 


Recevied June 3, 1959. 
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calciferous amphiboles in basic metamorphic rocks as index minerals for zonal 
mapping of the metamorphic terrian. Thus, three zones, A, B, and G in the 
order of increasing grade of metamorphism, were distinguished. Zone A is cha- 
racterized by actinolite, zone B is characterized by blue-green common horn- 
blende (i. e. hornblende with Z=bluish green or greenish blue), and zone C is 
characterized by common hornblende without bluish tinge (Z=green, greenish 
brown, and brown). These three kinds of calciferous amphiboles have different 
fields in the 2V-y diagram (Fig. 1). 


90 


2V over X 


40° 
1.64 165 166 167 #21168 169 #&70 


Fig. 1. Optic angle and index ; of calciferous amphiboles in regional-metamorphic 
basic rocks of the central Abukuma Plateau. (This figure was prepared from 
the data underlying Miyashiro, 1958, and Shidé, 1958, together with new 
ones.) 

Cross: actinolite from zone A. 

Solid circle: blue-green hornblende from zone B. 

Open circle: hornblende from zone C. 
A, B and C in this figure represent the fields of amphiboles of zones A, B 
and C respectively. The zone-G hornblende that falls on the lower left side 
of the boundary between fields A and B represents No. 13 in Table 2. 


Especially Surp6 (1958) made a detailed investigation on the compositional 
variation of calciferous amphiboles. Her paper gives ten chemical analyses of 
hornblendes from zones B and C, which are quoted in Tables 1 and la. Her 
conclusions will be summarized below: 

(1) In the transitional grade between zones A and B, actinolite coexists with 
blue-green hornblende. The two amphiboles are sometimes in zonal arrange- 
ment (with a hornblende rim) and sometimes in parallel growth. When they 
are in mutual contact the boundary .between them is always sharp. The 
compositional change between the actinolite and hornblende appears abrupt and 
discontinuous. Even the hornblende in the transitional grade has high Al” and 
Al contents similarly as that in the higher grades. Thus, probably there is 
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Table 1, Chemical analyses of hornblendes from regionally metamorphosed basic rocks 
of the central Abukuma Plateau (SHIDO, 1958, Table 7) 
Zone G Zone B 
1 2 3 4 5 6 7 8 9 10 
SiO, 42.94 45.62 42.44 43.20 44.36 | 40.96 44.03 42.62 44.07 44.60 
Al,O; 12.56 8.8712 50 241.695) 1170-12533) 12575 2 Soe 12412 
TiO, 1.89 113 3.09 1.65 1.26 0.99 0.46 0.53 1.70 0.87 
Fe,O3; 1.83 2.85 2.07 3.21 1.29 5.32 3.33 6.01 0.18 Die 
FeO 131427" “16:09 > 12.38" 10:10" 16:63: ")), “13:30: F327 = 14:00 =e 10123 16.21 
MgO 1084 1039 -Al.43" 913.27 9.71 106° 12:17 8.52 14.20 8.89 
MnO 0.29 0.32 0.30 0.21 0.43 0.69 0.41 0.33 0.18 0.37 
CaO 11.31 11.42 «10.90 11.36 11.82 | 12.72 10.82 11:65 12:42- 10:78 
Na,O 1.99 1.27 Pepa 22712 0.79 1.06 1.59 1.28 1.00 0.98 
K;0 0.35 0.33 0.14 0.40 0.50 27 0.23 0.55 0.30 0.50 
H,O(+)) 2.23 1.92 1,94 1.38 1.67 1.50 1.32 1.91 2.85 2.03 
H,O(—)} 0.22 0.16 0.15 0.07 0.12 0.06 0.07 0.12 0.03 0.11 
F neds xn, de> "ahd feds H.de } 90:43) ems Ade n.d. soned. n. d. 
P.O, n. d n. d. 0.23 °'0.07 0.12 ? nd O79 "ned. teed: 0.21 
Tota 99.87 100.11 99.78 100.08 100.39 | 100.76. 100.10, 100.27 99.53 100.39 
ap 1.659 1.662 1.653 1.654 1.650 | 1.663 1.657 1.665 1.656 1.660 
YD 1.688 1.687 1.676 1.680 1.679 | 1.686 1.675 1.683 1.673 1.682 
2V(—) 76° 68.5° 84° 837 79° 44° 74° 65.5° 82° 63° 
c/\Z 26° 23° Woe 192 15° 25° 18° 20° WS 15° 
x A p. p- Vasu «Ne 168 yellow v. p. p. v. p. _ colorless 
brown yellow yellow yellow  yello yellow yellow yellow 
i’ brown greenish sepia- green-  yellow- |d. 1. green green p.yellow- 1. green 
brown brown yellowish greenish yellowish brownish 
brown brown | green green 
Z brown greenish sepia- greenish yellow |bluish 1. bluish greenish bluish 1. bluish 
brown brown brown brownish] green green blue green green 
green 
Note: In No. 2, 6=1.674; In No. 1, sp. gr.=3.164. p=pale, v. p.=very pale, 1=light, 
d=deep. 
Table la. Host-rocks of the analyzed hornblendes of Table 1. 
No. 1: Clinopyroxene-bearing amphibolite from Yamatama. 
No. 2: Clinopyroxene-bearing amphibolite from Yézikata. 
No. 3: Amphibolite from Yokogawa. 
No. 4: Biotite-amphibolite from Kamata. 
No. 5: Clinopyroxene-amphibolite from between Otake and Tinokubo. 
No. 6: Clinopyroxene-rich lens in amphibolite from Domeki. 
No. 7: Biotite-bearing hornblende-schist from Yézikata. 
No. 8: Biotite-hornblende-schist from Ydzikata. 
No. 9: Epidote-hornblende-plagioclase-schist from Kamiyama. 
No.10: Biotite-bearing hornblende-schist from Odaira. 


Note: For more detailed information,: see SHIDO (1958, pp. 173-175). 
The atomic ratios and molecular compositions are given in Tables 8 and 12 of SHIDO 


(1958). 
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a miscibility gap between actinolite and hornblende under the physical 
conditions of the transitional grade. 


0 


des Gt OS moe Y. Sa: 20 


Fig. 2. Composition fields of actinolites and of common hornblendes from metamorphic 
rocks of basic and intermediate compositions of the world. The abscissa and 
ordinate respresent the amount of AlIV and Mg, respectively, calculated on the 
anhydrous basis of O=23. 

Solid circle: new analysis of hornblende from the central Abukuma Plateau. 
Open circle: new analysis of hornblende from Highland epidiorite. 

Note that hornblende No. 13 from Abukuma falls between the fields of actinolites 
and comm hornblendes. 


0.6 10 


0.8 (2 
( AIM + Fe*? ) ———> 


1.4 


Fig. 3. Composition relation of hornblendes of zones B and C in the central 
Abukuma Pleteau. The coordinates show atomic ratios on the an- 
dydrous basis of O=23. The point shifts toward the right with increas- 
ing content of tschermakite molecule, whereas it shifts upwards with 
increasing contents of edenite and sodatremolite molecules. 

Solid circle: hornblende from zone B. 
Triangle: hornblende from zone CG. 
Note that hornblende No. 13 is anomalous. 
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The existing chemical analyses of actinolites and those of common horn- 

blendes, both from basic (and intermediate) metamorphic rocks of the world, fall 
in different fields, as shown in Fig. 2. This fact would correspond to the prob- 
able existence of a miscibility gap between the two minerals. 
, (2) Harry (1950) claimed that the AIY content of calciferous amphiboles 
increases regularly with metamorphic grade. Such an increase, however, was 
not noticed in this region. Throughout zones B and C, hornblendes have large 
contents of tschermakite molecule, i.e. AlY and AlY. The tschermakite molecule 
tends to be expelled in zone C with resultant formation of cummingtonite and 
calcic plagioclase (Fig. 3). This breakdown reaction of the tschermakite molecule 
requires a supply of silica from outside, and hence the decrease of tschermakite 
molecule in zone C is more pronounced in quartz-bearing rocks. 

(3) The alkali content of hornblende varies with the composition of its host- 
rock as well as with the physical conditions concerned. The hornblende associated 
with more sodic plagioclase tends to have a higher alkali content than that as- 
sociated with more calcic one, and the hornblende in quartz-free rocks would 
tend to have a higher alkali content than that in quatz-bearing rocks. The maxi- 
mum possible content of alkalies in hornblende in a particular metamorphic 
grade increases with increasing grade of metamorphism (Fig. 4). 
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Fig. 4. Relation between the (Na+K) contents of common hornblendes on the 

anhydrous basis of O=23 and the metamorphic grade of the host-rock 
in the central Abukuma Plateau. 
The figures within parentheses represent the An % of the associated 
plagioclase. Then, for example, 4(25) means that the hornblende is 
No. 4 in Table 1, and the associated plagioclase has composition of 25 
% An. Letter a in parentheses represents that the associated plagio- 
clase is andesine. Nos. 2 and 14 are associated with quartz, while Nos. 
4, 5, 9, 11, 12, 13, and 15 are not associated with quartz. 
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2. New Chemical Analyses of Hornblendes 


Five more hornblendes were analyzed from regional-metamorphic basic rocks 
of the central Abukuma Plateau. The results are shown in Table 2,. The atom- 
ic ratios and molecular compositions calculated from theni are shown in Tables 
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3 and 4. These new analyses have generally confirmed Sxm6’s (1958) results 
summarized in the preceding section. 

Hornblende No. 13 from zone C is unusually low in Al,O; and especially 
low in AlY. As shown in Fig. 2, this hornblende falls in the gap between the 
field of actinolites and that of common hornblendes. It suggests that the mis- 
cibility gap between actinolite and hornblende, which exists in a lower grade, 
vanishes in so high a grade or that the gap shifts toward lower Al” compositions 
with increasing grade. The optic properties of this hornblende are unusual, as 
is indicated by its unusual location in the 2V-y7 diagram (Fig. 1). It suggests 
that hornblendes with such compositions are rare. 

The progressive increase of the alkali content with increasing metamorphic 
grade holds good. Hornblende No. 13 is associated with unusually calcic plagio- 
clase (Ab;)»Ango), and probably hence it is unusually poor in alkalies. Hornblende 
No. 4 is associated with a plagioclase rather exceptionally sodic for this grade 
(Ab,;An,;), and moreover it is not associated with quatz. Then, it is rather 


Table 2. New chemical analyses of hornblendes from regionally metamorphosed 
basic rocks of the central Abukuma Plateau. 


Zone G | Zone B 
11 12 13 14 15 
SiO, 44.12 43.48 48.83 46.88 42.74 
Al,O3 11.06 10.33 6.58 8.54 13.29 
TiO, 0.73 1.16 0.78 0.84 | 0.78 
Fe,O; 4.14 2.18 1.02 0.99 | 3.05 
FeO 12.46 15.19 12.76 17.18 | 12.74 
MgO 12.56 11.66 13.98 10.89 | 12.07 
MnO 0.19 0.24 0.34 0.28 | 0.44 
CaO 10.57 11,95 12.88 11.22 11.62 
Na,;O 1.89 199 0.58 1.03 1.56 
K,0 0.18 0.24 0.28 0.17 0.36 
H,O(+) 1.97 1.90 1.82 1.87 Va 
H,O(—) 0.13 0.00 0.12 0.12 _ 0.05 
P.O; tr. 0.11 0.22 0.09 0.04 
Total 100.00 100.43 100.19 100.10 100.51 
an 1.659 1.657 1.642 1.652 1.656 
TD 1.675 1.683 1.666 1.679 1.676 
2Vx 85° 74° 76° Ce Na? 
c/\Z 16° 24° 23° 24° 22° 
xX v. p. yellow p- brownish p- yellow p. yellow p. yellow 
yellow 
yi brownish yellow greenish brown brownish yellow greenish brown | yellow-brownish 
reen 
Z brownish yellow greenish brown greenish yellow greenish brown ae blue 
Absorp. Y>Z>X Y=Z>X Y>Z>X Y=Z>xX | Y=Z>X 
Disp. r>v r>v r>v r>v r>v 


All the analyses made by H. HARAMURA. 
Note: v.=very, p.=pale. 


No. 


No. 


No. 
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Host rocks of the hornblendes of Table 2: 


iM: 


aio? 


14: 


« LON 


Amphibolite from Matukawa, Hurudono-mura, Higasi-sirakawa-gun, Hukusima Pre- 
fecture (Specimen No. AM491110-12). 

This rock probably belongs to the middle-grade part of zone C. It is composed 
of hornblende and plagioclase (An 62~50) with small amounts of opaque mineral 
and apatite. The plagioclase shows zonal structure with a more calcic rim than the 
core. 


Clinopyroxene-bearing amphibolite at the locality 2 kilometers east of Hatatate-toge, 
Sekimoto-mura, Taga-gun, Ibaragi Prefecture (Specimen No. FS561130-15). 

This rock probably belongs to the middle-grade part of zone C. It consists of 
thin alternation in microscopic scale of hornblende-rich layers and clinopyroxene-rich 
ones, the former being composed mainly of hornblende and plagioclase (An 43~39) 
with small amounts of clinopyroxene and opaque mineral, and the latter mainly of 
clinopyroxene (Di 44 Hd 56) and plagioclase (An 43~39) with small amounts of 
hornblende and opaque mineral. 


Hornblende-schist from Sekimoto-mura, Taga-gun, Ibaragi Prefecture (Specimen No. 
FS 56051205). 

This rock was found as a boulder and probably belongs to the middle-grade 
part of zone C. It is mainly composed of hornblende and plagioclase (An 90) with 
a small amount of opaque mineral. 


Amphibolite from 1 kilometer east of Hatatate-toge, Sekimoto-mura, Taga-gun, Iba- 
ragi Prefecture (Specimen No. FS 561130-17). 

This rock probably belongs to the lower- or middle-grade part of zone CG. It is 
composed mainly of hornblende, plagioclase (An 46~40), and quartz with a small 
amount of opaque mineral. The plagioclase shows distinct two-layer zoning with a 
more calcic rim than the core. 


Biotite-bearing amphibolite from the vicinity of Kaiya, Tabito-mura, Iwaki-gun, 
Hukusima Prefecture (Specimen No. AM 550910-10). 

This rock probably belongs to the higher-grade part of zone B. It is composed 
mainly of hornblende and plagioclase (the core=An 43~37, the rim=more calcic) 
with small amounts of biotite (@=1.615; Z=dark orange) and opaque mineral. 


Table 3. Atomic ratios calculated from the hornblende analyses of 
Table 2 on the anhydrous basis of O=23. 


SS NE 


Zone G Zone B 
11 12 13 14 15 
Si 6.501 6.469 7.110 6.948 6.270 
AlIv 1.499 1.531 0.890 1.052 1.730 
AlVI 0.421 0.280 0.240 0.440 | 0.568 
an 0.065 0.130 0.086 0.093 0.086 
Fet$ 0.458 0.245 0.112 0.110 0.337 
Fe+? 1.534 1.889 1.553 2.128 1.562 
Mg 2.757 2.585 3.032 2.404 2.638 
Mn 0.024 0.030 0.042 0.036 0.055 
Ca 1.668 1.904 2.009 1.781 1,826 
Na 0.540 0.574 0.164 0.296 0.444 
K 0.034 0.046 0.052 0.032 0.067 
(Na+K) 0.574 0.610 0.216 0.328 0.511 
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exceptionally rich in alkalies. Therefore, we may conclude that the upper limit 
of the alkali content in hornblende from basic metamorphic rocks with plagio- 
clase of ordinary compositions in the central Abukuma Plateau is as is indicated 
by a dotted line in Fig. 4. 

The tendency of decrease in tschermakite molecule in passage from zone B to C 
has become clearer by the new analyses, as shown in Fig. 3. The effect of free silica 
on the breakdown reaction of tschermakite molecule has not been demonstrated. 


Table 4. Molecular compositions of the analyzed hornblendes of Table 2, 
calculated after the method of SHIDO (1958). 


Zone G Zone B 

11 12 13 14 15 
Tiam 0.132 0.260 0.172 0.186 0.172 
Cum 1.036 0.636 0.260 0.844 0.984 
Ts! 1.406 0.840 0.563 0.880 1.448 
Ce’ —— 0.128 0.148 a 0.144 
St’ 0.292 — a 0.032 
Gl — —— — —— — 
Ed’ 0.428 0.620 0.216 0.312 0.511 
Tr 4.744 5.516 6.640 5.744 4.740 


Note: The total of all the molecules in each hornblende is taken 
to be very close to 8. 


III. Calciferous Amphiboles of the Grampian Highlands 


1. Localities, Metamorphic Grades and Descriptions of the 
Epidiorite Specimens 


The epidiorite specimens, which were sent by Dr. Acrett, are shown in 
Table 5. They are classified on the basis of the calciferous amphiboles they 
contain, because the calciferous amphiboles may be regarded as an indicator of 
metamorphic grades. 


Table 5. Epidiorite specimens from the Dalradian in the Grampian 
Highlands of Scotland 


ea 
Group I: Epidiorites without amphitole or with actinolite. 


No. 30216: Epidote-chlorite-albite-quartz-schist from Port Sornachan, Loch Awe, Argyll- 
shire. Albite=3%An; chlorite, B=1.627. 

No. 48891: Actinolite-chlorite-epidote-albite-rock from rinan Canal, Argyllshire. 

 Albite=5 %An; actinolite, 7=1/652;, 2V=72>, 

No, 19951: Actinolite-chlorite-epidote-albite-quartz-rock from Dunderacoe Point, Loch 
Fyne, Argyllshire. Albite=5% An; actinolite, y=1.653, 2V=75°; chlorite, 

_ B=1.620. 

No. 48893 : Actinolite-biotite-chlorite-epidote-albite-schist from Creag Bhréac, Kilmartin, 
Argyllshire. Albite=3 % An3 actinolite, oma 648, 2V=76°. <A minute 
amount of blue-green. hornblende: is present. 

No. 6905: Actinolite-chlorite-epidote-albite-rock (blastophitic) from Branfield Bay, south 
of Ardrishaig, Loch Ripe ave: Albite=5% An; pet ge 7= 1.647, 
2V =79°*75°. 
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Group II: Epidiorites with blue-green hornblende. 

No. 48892: Blue-green hornblende-chlorite-epidote-albite-quartz-rock from Ardrishaig, — 
Argyllshire. Albite=5% An; hornblende, y=1.674, 2V =59°-62° ; chlorite, B= 
1.633. 

No. 19949: Blue-green hornblende-chlorite-epidote-albite-quartz-schist from south-west of 
Strachur, Loch ‘Fyne, Argyllshire. Albite=5% An; hornblende, 7=1.682, 
2V =60°; chlorite, 6=1.640. 

No. 14736: Blue-green hornblende-chlorite-epidote-oligoclase-schist from west-north-west 
of Craige, Aberfeldy, Perthshire. Oligoclase=24-28% An; hornblende, 7= 
1.663, 2V=81°; chlorite, B=1.609. Some hornblendes have an actinolite 
core. The hornblende and chlorite were analyzed (Table 6, f ; Table 9). 

No. 14735: Blue-green hornblende-garnet-oligoclase-quartz-schist from Craig an Eunaich, 
west of Dunkeld, Perthshire. Oligoclase =24% An; hornblende, 7=1.681, 
2V=72°; garnet, a,=11.62 A. The hornblende was analyzed (Table 6, e). 

No. 28044: Blue-green hornblende-epidote-oligoclase-quartz-schist from Ben Vrackie, 
Pitlochry, Perthshire. Oligoclase=25% An; hornblende, y=1.667, 2V=85°. 
The hornblende was analyzed (Table 6, d). 


Group III: Epidiorites with green or brownish green hornblende. 

No. 26320: Green hornblende-biotite-andesine-schist with a little garnet from Kinloch 
Rannoch, Perthshire. Andesine=33-36% An; hornblende, 7=1.675, 2V=81° ; 
biotite, 7=1.632, 

No. 48894: Brownish green hornblende-oligoclase-schist with a little biotite from a sill 
in Loch Tay Limestone, Cluny Bridge, Pitlochry, Perthshire. Oligoclase= 
28-23% An; hornblende, y=1.670, 2V=90°. The hornblende was analyzed 
(Table 6, c) 

No. 48895: Brownish green hornblend-zoisite-oligoclase-rock from Killiecrankie, Perthshire. 
Oligoclase=18-28% An; hornblende, 7=1.670, 2V=86°; zoisite, a (min.) = 
1.707, 7 (max.)=1.718, 2VX=123°-136°, r>v with regard to X. The horn- 
blende was analyzed (Table 6, 3). 

No. 13700: Brownish green hornblende-biotite-oligoclase-quartz-schist from Dinnet west 

of Aboyne, Aberdeenshire. Oligoclase=21% An; hornblende, 7=1.691, 2V 
=65° ; biotite, y= 1-655. 


Group IV: Epidiorites with brown hornblende. 

No. 4: Brown hornblende-andesine-rock with a little biotite from 3 miles east of Aboyne, 
Aberdeenshire. Andesine=36% An; hornblende, 7=1.681, 2V=80°. 

No. 27316: Brown hornblende-garnet-clinopyroxene-andesine-quartz-schist from Banchory, 
Deeside, Kincardineshire. Andesine=48% An; hornblende, y=1.692, 2V= 
66°; clinopyroxene, 2V=57°; garnet, a,=11.63 A. The hornblende and 
garnet were analyzed (Table 6, a; Table 10). 


Note: The optical angle, 2V, of amphiboles is given in regard to X. 


According to WISEMAN (1934), the calciferous amphibole in epidiorites of the 
chlorite and biotite zones is actinolite, poor in Al and alkalies (though he called 
it hornblende). Blue-green common hornblende richer in Al and alkalies occurs 
in epidorites of the almandine zone. The hornblende of the sillimanite zone is 
probably generally green, though in this respect WrIseMAN’s description is not 
clear. In the vicinity of granitic masses within the sillimanite zone, brown: 
hornblende occurs. (WISEMEN gives no statement on the colors of hornblendes 
in the staurolite and kyanite zones.) Thus, in the Grampian Highlands, we have 
a progressive series of calciferous amphiboles as follows: actinolite —- blue-green 
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common hornblende —> green common hornblende —> brown common horn- 

blende. It is interesting that this progressive series is very similar to that in the 

central Abukuma Plateau. 

All the specimens came from the Dalradian series, and their localities are 
distributed over Argyllshire, Perthshire, Kincardineshire and Aberdeenshire. The 
metamorphic grades of these rocks become higher generally toward the northeast 
in harmony with the thermal structure of the metamorphic terrian. Therefore, 
the classification of epidiorites in Table 5 into four groups, I, II, III and IV 
probably represents the increasing grade of metamorphism in this order, as com- 
mented below: 

Group I: Epidiorites without amphibole and those with actinolite as a main 
component. ‘These rocks came probably from the chlorite and biotite 
zones. 

Group II: Epidiorites with blue-green common hornblende (i. e. hornblende 
with Z=bluish green or greenish blue). These rocks came probably from 
the almandine zone. 

Group III: Epidiorites containing common hornblende with Z=green or brownish 
green without bluish tinge. 

Group IV: Epidiorites containing common hornblende with Z=brown. The 
epidiorites of groups III and IV probably came from the sillimanite zone 
(and possibly also from the staurolite and kyanite zones). 


2. Compositional Gap between Actinolite and Common Hornblende 


In the central Abukuma Plateau, probably there exists a miscibility gap be- 
tween actinolite and common hornblende in the transitional grade between zones 
A and B, as stated before. Is there such a gap in epidiorites of the Grampian 
Highlands? In this respect no mention is found in WIsEMAN’s description. Though 
we have too little data to give any definite statement on this problem, we would 
like to record some observation. 

In our epidiorites Nos. 48893 and 14736, actinolite coexists with blue-green 
common hornblende. The hornblende is sometimes in parallel growth with, 
and sometimes in patches within, and sometimes in a rim around the actinolite. 
The boundary between them is always sharp, if we observe the thin sections 
tilted, if necessary, at an appropriate angle so that the boundary is parallel to 
the microscope axis. (The blue-green hornblende is deeper in color and higher 
in refractive indices than the associated actinolite.) Then, probably there is a 
compositional gap between the associated actinolite and common hornblende, 
and the gap would represent the existence of a miscibility gap. 


3. Optic Properties 


We prepared a 2V-y diagram for calciferous amphiboles in epidiorite speci- 
mens from the Grampian Highlands, as shown in Fig. 5. The relative positions 
of the fields in this case are similar to those in basic metamorphic rocks of the 
central Abukuma Plateau (Fig. 1). The actinolite field lies to the lower left of 
the blue-green hornblende field in both cases. The field of green, brownish 
green and brown hornblendes is smaller than, and lies generally in the upper 
part of the blue-green hornblende field in both cases. 
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2V over X 


Fig. 5. Optic angle and index 7 of calciferous amphiboles in epidiorites of 

the Grampian Highlands. 

Cross: actinolite. 

Solid circle: blue-green hornblende. 

Open circle: green or brownish green hornblende. 

Double circle: brown hornblende. 
For comparison, the field boundaries in Fig. 1 are shown in this 
figure. 


However, closer comparison of Figs. 1 and 5 indicates that the absolute posi- 
tions of the field boundaries may differ to some extent. Probably the boundary 
between the actinolite and the blue-green hornblende fields has shifted toward 
the left in the case of Grampian epidiorites. The field of green, brownish green 
and brown hornblendes may have: shifted toward the right in the same case. 
This suggests that there are some differences in chemical composition between 
calciferous amphiboles of the central Abukuma Plateau and those of the Gram- 
pian Highlands, even when they show similar colors. 


4. Summary of Ssarp0d’s (1958) Results on the Relationship between 
Types of Metamorphism and Compositions of Metamorphic 
Hornblendes Produced 


Regional metamorphisms are classified, in relation to their physical condi- 
tions, at least into three types, as follows: (1) central Abukuma type as is typi- 
cally developed in the central part of the Abukuma Plateau (Miyasuiro, 1958; 
SHIDO, 1958), (2) Dalradian type as is typically developed in the main part of 
the Grampian Highlands, (3) glaucophanitic type. SH1p6 (1958) investigated the 
relationship between the types of metamorphism and compositions of the calci- 
ferous amphiboles produced. Her results may be summarized as follows: 

(1) The alkali-bearing molecules of common hornblendes are glaucophane, 
edenite and sodatremolite, neglecting the Mg< Fe*’ and Al< Fe** substitutions. 
These molecules could be produced under some conditions from albite and some 
other minerals. Investigations of possible reactions revealed that their production 
should be promoted by higher solid pressures. Then, the alkali content of com- 
mon hornblende should tend to increase with increasing solid pressure during 
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metamorphism. The actually observed alkali contents tend to increase in the 

following order: central Abukuma regional metamorphism —> Dalradian meta- 

morphism —-> glaucophanitic metamorphism. This order would represent in- 
creasing solid pressure. 

(2) When the molecules are calculated after the method of Surpé (1958), the 
following relations were found: 

i) Glaucophane molecule is contained in some hornblendes of Dalradian and 
glaucophanitic metamorphisms. 

ii) Hornblendes of central Abukuma regional metamorphism contain some 
amounts of sodatremolite molecule, those of Dalradian metamorphism con- 
tain generally larger amounts of it, and those of glaucophanitic metamor- 
phism contain still larger amounts. 

iii) Some hornblendes contain edenite molecule in any type of regional meta- 
morphism. 

Then, it is sodatremolité molecule that has made the greatest contribution to 

the increase in alkali content possibly with solid pressure.* 

(3) The content of tschermakite molecule is practically independent of the 
type of metamorphism. The formation of tschermakite molecule from tremolite, 
chlorite and epidote, or from cummingtonite and calcic plagioclase should be 
promoted by higher solid pressure. Under higher solid pressures, however, the 
tschermakite molecule should tend to be transformed into garnet. These two 
effects should counteract each other. 

(4) The content of tremolite molecule tends to decrease in the following 
order: central Abukuma regional metamorphism —+> Dalradian metamorphism 
—-» glaucophanitic metamorphism. 

(5) The Mn content of hornblende tends to decrease in the following order: 
central Abukuma regional metamorphism —>» Dalradian metamorphism —-> glau- 
cophanitic metamorphism, that is, possibly with increasing solid pressure. The 
increasing solid pressure should promote the formation of pyralspite, which pro- 
bably deprive the associated hornblende of its Mn. 


5. New Chemical Analyses of Epidiorite Hornblendes 


Six hornblendes were separated from epidiorite specimens from the Grampian 
Highlands, and were analysed by H. Haramura. Among them, three were from 
group II, two were from group III, and one was from group IV. The results 
are shown in Table 6. The atomic ratios were calculated on the anhydrous 
basis of O=23, and the molecular compositions were calculated after the method 
of Su1p6, as shown in Tables 7 and 8. 

For comparison WIsEMAN’s (1934) analyses of blue-green hornblendes are also 
shown in these tables. WuiseMAn’s hornblendes came from the entrance to the 
almandine zone, and hence probably they represent a lower grade than our 
analyzed hornblendes of group II. All these hornblendes are rich in Al. 


* Recently, SEKI et al. (1959) found that amphiboles with compositions very close to the 
ideal edenite formula NaCa,Mg;AlSi,Ox9(OH), occur widely and abundantly in metamorphic 
rocks of a certain part of the glaucophanitic terrane of the Sibukawa district, central Japan. 
(Such amphiboles had not been known to occur in nature before.) Thus, it has become clear 
that in some cases edenite molecule plays an important role for the high alkali contents of 
calciferous amphiboles prouduced by glaucophanitic metamorphism. 
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Table 6. Chemical analyses of hornblendes from epidiorites of the 
Grampian Highlands. 
ee  Y 


Group IV Group III Group II 
a b c d e £ WwW, W, 
SiO, 40.90 42.83 43.50 44.86 40.82 45.19 47.93 47.35 
Al,O3 13.09 15.67 14.58 12.93 16.18 12.74 7.98 8.47 
TiO, 1.84 0.60 0.68 0.58 0.58 0.54 1.25 0.70 
FeO; 2.90 2.09 2.10 2.13 Shit 215 2.95 2.83 
FeO 17.81 12.83 12.26 12.79 16.78 9.60 Wiad) 17.16 
MgO 7.50 10.61 10.93 11.18 6.49 13.79 7.08 8.83 
MnO 0.22 0.23 0.21 #1025 0.21 0.24 0.20 0.25 
CaO 11.56 11.30 11.23 11-72 10.29 11.62 10.45 10.16 
Na,O 1.30 1.66 1.73 1.58 1.87 1:33 1.36 0.65 
K,0 1.13 0.55 0.42 0.25 0.50 0.42 0.81 1,34 
H,O(-+)| 1.75 1.78 2.20 1.98 2.45 2.11 2.07 2.05 
H,O(—) 0.00 0.05 0.00 0.00 0.00 0.00 0.20 0.00 
P.O; 0.09 0.01 tPs 0.03 0.01 0.05 n.d. n.d. 
Total 100.09 100.21 99.84 100.28 99.95 99.88 100.07 99.79 
ap 1.660 1.649 1.650 1.646 1.658 1.637 1.673 1.663 
Bp n.d. n.d. n.d. n.d. n.d. n.d. 1.686 1.677 
TD 1.692 1.670 1.670 1.667 1.681 1.663 1.695 1.687 
2Vx 66° 86° 90° 85° q2, 81° n.d. n.d. 
c/\Z whe 18° 12> ie 20° 20° 195 19° 
x yellow | nearly very pale | pale pale very pale yellow- yellow- 
colorless yellow yellow yellow yellow green green 
ie brown | yellowish green green bluish light grass green 
green green green green 
Z brown | light light yellow-| bluish blue-green light blue- blue- 
green green green blue-green green green 


Absorp.| Zs Y>X| Za¥ SX. X>Z>X| ZYVOX, ZY >Xa YSZ >X 
Disp. r>v r>v r>v ey r>v t>v 


Host-rocks of the hornblendes 


a: Brown hornblende-garnet-clinopyroxene-andesine-quartz-schist from Banchory, Deeside 
(Specimen No. 27316). 
6: Brownish green hornblende-zoisite-oligoclase-rock from Killiecrankie, Perthshire (Speci- 
men No. 48895). 
c: Brownish green hornblende-oligoclase-schist with a little biotite from a sill in Loch Tay 
Limestone, Perthshire (Specimen No. 48894). 
d: Blue-green hornblende-epidote-oligoclase-quartz-schist from Ben Vrackie, Perthshire 
(Specimen No. 28044). 
e: Blue-green hornblende-garnet-oligoclase-quartz-schist from Craig an Eunaich, Perthshire 
(Specimen No. 14735). 
f: Blue-green hornblende-chlorite-epidote-oligoclase-schist from west-north-west of Craige, 
Perthshire (Specimen No. 14736). 
W,: Garnet-biotite-epidote-albite-amphibolite from 0.2 mile N 51° E from northern end of 
Loch-na-Craige near Achahoish, South Knapdale (WISEMAN, 1934, p. 382). 
W.: Biotite-epidote-albite-amphibolite from the same locality as W, (WISEMAN, 1934, p. 
383). 
Note: The analyses of a—f were made by Hiroshi HARAMURA. For more detailed de- 
scriptions of the host-rocks, see Table 5. 
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Table 7. Atomic ratios calculated from the hornblende analyse o 
Table 6 on the anhydrous basis of O=23. 


ne EEE ad 


| Group IV | Group III | Group II 
| a | b c d e a WwW, WwW, 
Si 6.206 | 6.258 6.379 6.545 6.167 6.535 7.168 7.072 
ALV 1.794 | 1.742 1.621 1.455 1.833 1.465 0.832 0.928 
Alvi 0.546 0.956 0.898 0.767 1.475 0.707 0.575 0.563 
Bi 0.210 | 0.066 0.075 0.064 0.066 0.059 0.141 0.079 
Fet® | 0.332 | 0.230 0.232 0.233 0.428 0.245 0.332 0.318 
Bey 2 2259 1.567 1.503 1.560 2.119 1.160 2.224 2.143 
Mg 1.695 | 2.310 2.387 2.430 1.438 2.971 1.577 1.964 
Mn 0.028 0.028 0.026 0.031 0.027 0.030 0.025 0.031 
Ca 1.878 | 1.768 1.764 | 1.831 1.665 1.800 1.673 1.625 
Na | 0.383 0.470 0.491 0.447 0.548 0.374 0.393 0.188 
K 0:219' | 0:102 0.079 0.047 0.096 0.078 0.154 0.225 
(Na+K)) 0.602 0.572 0.570 0.494 0.644 0.452 0.547 0.443 


Table 8. Molecular compositions of the analyzed hornblendes of Tabie 6, 
calculated after the method of SHIDO (1958). 


Group IV Group III Group II 

a b c d e % W, W, 
Tiam 0.420 0.132 0.150 0.128 0.132 0.118 0.282 0.158 
Cum 0.280 0.628 0.484 0.340 0.500 0.688 — 0.392 
Ts! 1.405 1.898 1.808 1.600 2.360 17523 0.877 Loe 
Ca-cum — —. — oe — —- 0.202 —— 
St 0.208 0.300 0.460 0.336 0.840 0.112 0.376 0.664 
Gl oa —— ——- — —- — 1.436 0.444 
Ed’ 0.498 0.422 0.340 0.326 0.224 0.396 — —. 
die 5.188 4.620 4.756 5.268 3.944 5.160 4.828 5.108 


Investigation of these new analyses leads to the following conclusions: 

(1) The tendency of increase of the alkali content of hornblende with meta- 
morphic grade was found to be very clear in the central Abukuma Plateau, 
while it is not so clear in the Dalradian epidiorites. In the grade where horn- 
blende begins to appear, the Dalradian hornblendes have evidently higher alkali 
contents than the central Abukuma hornblendes. In high grades, however, most 
of the Dalradian hornblendes have alkali contents comparable to the highest 
possible values for each metamorphic grade in the central Abukuma Plateau. 
On the average, Dalradian hornblendes have a large alkali content than central 
Abukuma ones, whereas they have a much smaller alkali content than common 
hornblendes produced by glaucophanitic metamorphism. (The larger content 
of alkalies in common hornblendes produced by glaucophanitic metamorphism 
may be partly due to the very sodic compositions of the associated plagioclases.) 

(2) Our newly analyzed epidiorite hornblendes do not contain glaucophane 
molecule, while WisEMAN’s hornblendes do contain. As WISEMAN’s came from a 
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lower grade than ours, it is conceivable that glaucophane molecule may tend to 
decrease with increasing metamorphic grade. (Note that the Mg Fe*? and 
Al Fe** substitutions are neglected, and hence glaucophane molecule in this 
case include riebeckite molecule.) 

(3) All the analyzed Dalradian hornblendes contain sodatremolite molecule. 
On the other hand, in the central Abukuma Plateau, hornblendes from zone B 
do not contain it, and those from zone C do contain. This is in harmony with 
SHIDO’s statement. 

(4) Dalradian hornblendes have generally smaller amounts of tremolite 
molecules than central Abukuma hornblendes, as stated by Surp6 (1958). 

(5) The former statement on the Mn contents of hornblendes has been con- 
firmed, as the following figures indicate: 
Dalradian hornblendes: 

Group II: 0.20, 0.21, 0.24, 0.25, 0.2526 (by weight). 

Groups III and IV: 0.21, 0.22, 0.2324. 
Central Abukuma hornblendes: 

Zone B: 0.18, 0.33, 0.37, 0.41, 0.44, 0.6922. 

Zone C: 0.19, 0.21, 0.24, 0.28, 0.29, 0.30, 0.32, 0.34, 0.4324. 


IV. Some Other Minerals of the Grampian Highlands 


1. Plagioclase 


The epidiorites of groups I and II always contain some epidote, and hence 
the plagioclase would be in equilibrium with it. Then, the composition of the 
plagioclase is an indicator of the physical conditions prevailing. The composi- 
* tions determined on the basis of CHaye’s (1952) curve are: 


Group I: 3 —59 An 
Group IT: 5—309 An 


In epidiorites of groups III and IV, epidote is absent, and hence the com- 
position of the plagioclase mainly depends on that of the host-rock. The com- 
positions of the plagioclase in these groups are generally in the range: 20—S076 
An. These figures are in harmony with WISEMAN’s. 


2. Hpidote 


In some epidiorites of group I, the epidote grains are practically homogene- 
ous and ferriferous (with about 3024 Fe-molecule), while in other epidiorites, the 
epidote grains are zoned with decreasing retardation and increasing 2Vx toward 
the margin. This zoning represents a decrease in iron content toward the margin 
probably in response to progressive metamorphism. Zoning is generally more 
marked in larger grains. Small grains ‘may be almost homogeneous with com- 
positions similar to that of the margin of the associated larger grains. 

In epidiorites of group I, the composition range of epidote is roughly 0—35 
% Fe-molecule, while in epidiorites of group II, the composition range is roughly 
0—20%s Fe-molecule. If these observations may be generalized, the iron-richer 
end of the composition range tends to become lower with progressive metamor- 
phism. 

Rocks of groups III and IV have no epidote, but specimen No. 48895 (group 

‘IID has zoisite. 
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3. Chlorite and its Paragenetic Relations 


A chlorite was separated from an epidiorite (No. 14736) of group Il, from 
which the associated blue-green hornblende was also separated and analyzed. 
An analysis of the chlorite is shown in Table 9. The Mg—Fe*’ partition be- 
tween the associated chlorite and hornblende is as follows: 


FeO/MgO (by weight) 
Chlorite 0.654 
Hornblende 0.697 


Table 9. Analyses of chlorites from epidiorites of the Grampian Highlands 


a b 

‘SiO, 28, 2 26. 50 
Al,O; 24.9 23.08 
TiO, a ® 0. 20 
FeO; 0.2 1.59 
FeO 26. 8 14, 49 
MgO 10.9 22.17 
MnO — 0.15 
CaO — 0. 28 
Na,O -— 0.19 
K,O — 0.00 
H,O(+) } 9.0 11. 26 
H,O(—) 0. 28 
Tot a 100. 0 100. 19 


a: Calculated composition of chlorite from chlorite-albite-schist, eastern side of Eilean Trai- 
ghe, west of Tayvallich. $=1.637; opt. negative. WISEMAN (1934, p. 362). 

6: Ghlorite from blue-green hornblende-chlorite-epidote-oligoclase-schist (Specimen No. 14736), 
WNW of Craige, Perthshire. Analyzed by H. HARAMURA. do95=2.831A, doo7=2.022A; 


=1.609, y—a=0.009; negative elongation. The associated hornblende was analyzed 
(Table 6, f). 


WISEMAN (1934) calculated the composition of a chlorite from the bulk chemi- 
cal composition of its host rock of the ‘‘low-grade zone’? (corresponding to 
our group I). This composition, quoted in Table 9, is very similar to that of 
the above chlorite except the FeO/MgO ratio. WisEeMAN further found that in 
a low-grade epidiorite in which the FeO/MgO ratio of the chlorite is vere slightly 
smaller than unity, the same ratio of the associated actinolite is 0.65. Thus, the 
chlorite has a much larger FeO/MgO ratio than the associated actinolite, whereas 
we showed above that the chlorite has a much smaller FeO/MgO ratio than 
the associated blue-green hornblende. 

This difference is probably mainly due to a difference in character nent ee 
actinolite and hornblende. Hornblende appears to like iron much better than 
actinolite ‘does. A similar relation is noticed between clinopyroxene (diopside- 
hedenbergite) and the associated actinolite or hornblende. Actinolite usually 
has a lower FeO/MgO ratio than the associated clinopyroxene, whereas horn- 
blende usually has a higher FeO/MgO ratio than the associated clinopyroxene. 
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4. Garnet 


A pyralspite garnet was separated from an epidiorite (No. 27316) of group 
IV, from which the associated hornblende was also separated and analyzed. 
The analysis of the garnet is shown in Table 10. It is almandine rather rich 
in CaO. The garnet has a much higher FeO/MgO ratio than the associated 
hornblende. 


Table 10. Analyses of pyralspite garnets from epidiorites of the 
Grampian Highlands. 


a b 

SiO, | 38. 44 35.91 
Al,O; | 20.62 22.13 
TiO, / n. d. 0.96 
Fe,O; | 7.39 Bee 
FeO | 17.09 25.04 
MgO | 2.51 1.89 
MnO | 4.99 1.87 
CaO | 10. 08 10.13 
Na,O | n. d. 0.08 
K,O | n. d. 0.10 
H,O(+) | n. d. 0.46 
H,O(—) | n. d. 0.14 

Total | 100.35 100.44 


a: Garnet from garnet-biotite-clinozoisite-albite-amphibolite, 0.2 mile N 51°E from northern 
end of Loch-na-Craige, near Achahoish (at the commencement of the garnet zone). 
WISEMAN (1934, p. 388). 

6: Garnet from brown hornblende-garnet-clinopyroxene-andesine-quartz-schist (Specimen No. 
27316), Banchory, Deeside, Kincardineshire. Analyzed by H. HARAMURA. Unit cell 
edge a,=11.63 A. Mn: Fet?: Mg=6.2:82.6:11.1. The associated hornblende was 
analyzed (Table 6, a) 


WISEMAN (1934) gave an analysis of a garnet from the lowest-grade part of 
the almandine zone, that is, from a much lower grade than in the present case. 
His result is also shown in Table 10. His garnet is similar to ours, except its 
Fe,0;, FeO, and MnO contents. The difference would show the tendency of 
decrease in MnO and of increase in FeO with increasing grade of metamorphism. 
It is not clear whether the difference in Fe,O, content is real or apparent. 
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Introduction 


Two different types of the Pliocene molluscan fauna are known from North- 
east Japan, that is, the so-called Omma-Manganji fauna (OTuKa, 1936) in the 
Japan Sea side and the Tatsunokuchi (Tatunokuti) fauna (Nomura, 1938) in the 
Pacific side. The former is characterized by cold deep water elements and the 
latter by shallow water ones. The Sannohe group is the Pliocene deposits dis- 
tributed in the northern margin of the Kitakami Mountains, in the Pacific side 
of Northeast Honshu. The fauna of the group was listed first by Hayakawa 
et al. (1954), but little attention has hitherto been paid to the molluscan assembl- 
ages, except for Hatar’s (in Hanzawa, 1954) and Kitamura’s (1959) studies which 
pointed out their similiarity to the ‘“Omma-Manganji fauna’’. 

Although the Sannohe group was deposited in the Pacific side, or in the 
same terrain as the Tatsunokuchian formations, it is characterized by the ‘“‘Omma- 
Manganji” type elements. It is therefore important to define the faunal character 
for the further discussion of the geological peculiarity of the group. 

By dividing the fossil-bearing beds of the group into five horizons, the writ- 
er (1958 b, p.534) clarified that the ‘‘Omma-Manganji”’ type assemblages 
predominate in the upper two horizons; the upper Togawa, and the lower 
Kubo formations. In this paper the writer presents the first detailed account of 
the molluscan fossil faunule contained in the Kubo formation of the Sannohe 
group. He intends to discuss in the near future the faunule of the Togawa for- 
mation, which is peculiar in its mixed character of the “‘Omma-Manganji” and 
Tatsunokuchi type elements. 
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Outline of Stratigraphy 


4 
Shimokita 


The Sannohe group (CHINZEI, 
1958b) is mainly composed of sand- 
stone and siltstone and their alter- 
nation; its thickness attains about 
1,100m at the maximum. The group 
overlies the Miocene Shiratorigawa 
group with a conformity, and is co- 
vered by the Pleistocene Kamikita 
group with an angular unconformity. 
The group can be divided into four 
formations as shown in fig. 2.. 

The group consists mostly of ma- 
rine beds. It shows a single large 
cycle of sedimentation beginning with 
shell-limestone and sandstone and 
ending with an alternation of non- 
marine sands, silts and gravels. The 
main body of the group is made up 
of thick, monotonous beds of siltstone 
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and sandstone. Figure 1. Location (hatched area: older 
The molluscan fossils described sedimentary and plutonic rocks of the Kita- 
here were collected from the Kamas- kami Mountains). 


sawa alternation, the lower member of the Kubo formation. The member is 
composed of an alternation of medium-grained sandstone and gray siltstone; it 
shows a gradual lateral change of rock facies into massive very fine-grained 
sandstone. The molluscan fossils are contained in the very fine-grained sandstone 
and are accompanied by a considerably large amount of sponge spicules, ostra- 
cods, foraminifers and echinoids. 


Molluscan Assemblages in the Kubo Formation 


The species, here identified in three localities*, are thirty-nine in total; of 
them twenty-five species are gastropods, thirteen pelecypods, and one scaphopod. 
Among these thirty-nine species, twelve are conspecific to the Recent forms; and 


* Loc. 1: a small cliff, 100 m west of Ochiai; Loc. 2: a river-side cliff, 150 m south of 
Ochiai; Loc. 3: a small exposure in the stream, 700 m northwest of a all in Kintaichi- 
mura, Ninohe-gun, Iwate Prefecture, Japan. i 
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‘*Omma-Manganji’’ Localities* 


Number of specimen 


Species 


Loc. 2 
Loc. 3 
Manganji (mainly by KANEHARA, 1940 b) 


Omma (HATAI and NISIYAMA, 1939) 
Daishaka (NOMURA and HATAI, 1935 b) 


Nishiyama (ITOIGAWA, 1958) 


Haizume (Ibid.) 
Nikkogawa (NOMURA, 1937) 


Nozaki (OTUKA, 1935 b) 


Alvania awa CHINZEI, n. sp. vf 
Turritella nipponica YOKOYAMA RUSE OOS 
Epitonium (Boreoscala) echigonum 
KANEHARA 2 
Natica (Tectonatica) russa GOULD Se 22 
Fusitriton oregonensis (REDFIELD) Sh alae? 44 al) @ 
Trophonopsis aff. beringi (DALL) 1 
Trophonopsis sp. 1 
Neptunea otukai CHINZEI n. sp. 14+5 1 Be 
Coraeophos meisensis ninohensis 
GHINZEI, n. subsp. | 2+5 1 
‘‘Macron’’ nipponensis GHINZEI, n. sp. 1 
Olivella sp. 1 
Fulgoraria sp. 1 
Admete lischkei (YOKOYAMA) ly *2 
Suavodrillia oyamai GHINZEI n. sp. 
Antiplanes (Rectiplanes) sadoensis 
(YOKOYAMA) 
Propebela cf. nakamurai (ONOYAMA) 
Propebela cf. kurodai (ONOYAMA) 
Propebela cf. turricula (MONTAGUE) 
Propebela sp. ‘ 
Mohnia sp. 
Menestho araii (OTUKA) 
Menestho iwatensis GQHINZEI n. sp. 
Menestho nomurai CHINZEI n. sp. 1 
Odostomia (Evalea) aleutica 
DALL and BARTSCH 


++ | Sawane (YOKOYAMA, 1926 a) 


O+ Hamada (OTUKA, 1939) 
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Liloa sp. 1 


Siphonodentalium sp. 15+ 10+ 


Nuculana sp. 15 
Glycymeris derelictas YOKOYAMA alll al ak O + 
Nucinella (Huzxleyia) ochiaiensis 
CHINZEI, n. sp. 
Crenella yokoyamai NOMURA 
Chlamys cf. cosibensis (YOKOYAMA) 
Venericardia ferruginea ochiaiensis 
CHINZEI 300+ 
_Lucinoma acutilineatum (GONRAD) 9 
Clinocardium iwatense CHINZEI n. sp. 
Serripes sp. cf. notabilis (SOWERBY) 
Dosinia sp..,.; 
“Macoma calcarea (GMELIN) ~ Seba 
Panomya ampla DALL 34° 2. « : : 
‘‘Pandora’’ sp. cf. pulchella YOKOYAMA 5+ 34+ 3+).00» tesa O 
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x) (© Occurrence’ of conspecific forms with the present localities. 
+ Occurrence of allied forms. 
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ten of the rest are new to science and are now found only in the present locali- 
ties. Generally, Turritella nipponica YoKoyAMA and Venericardia ferruginea ochi- 
aiensis CHINZEI are especially abundant; and the subordinate common species are 
as follows: Natica russa GOULD, Coraeophos meisensis ninohensis CHINZEI n. subsp., 
Antiplanes sadoensis (YOKOYAMA), Glycymeris derelicta (YOKOYAMA), Lucinoma 
acutilineatum (CONRAD), Clinocardium iwatense CHINZEI n. sp., Macoma calcarea 
(GMELIN), ‘“‘Pandora’’ sp. cf. pulchella YOKOYAMA, etc. 

However, the constituents of the assemblages are considerably different by 
locality. In Loc. 1, Turritella nipponica and Venericardia ferruginea ochiaiensis 
are both very abundant, and in Loc. 2, Turritella nipponica, Natica russa GOULD, 
Clinocardium iwatense CHINZEI n. sp. are predominant, whereas Venericardia is 
found only rarely. In Loc. 3, both the numbers of species and individuals are 
poor, and the constituents are quite different from other two localities, namely, 
Turritella and Venericardia are almost absent, Nuculana sp. is the representative 
form, and Fulgoraria sp. and Serripes cf. notabilis (SowERBY) are limitedly found 
in this locality. 
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Figure 2. Stratigraphic section of the Sannohe group showing the molluscan fossil- 
bearing horizons. 


PLIOCENE 


Sannohe group 


1. fossil locality ; 2. conglomerate and gravels; 3. sandstone; 
4. alternation of sandstone and siltstone; 5. siltstone; 6. shell-lime- 
stone ; 7. diatomaceous rock; 8. volcanic rock and tuff. 


Locality numbers are shown in Italics. 


The fossils are sporadically found in massive fine-grained sandstone, and 
many pelecypods occur with conjoined valves. The minute sculptures of shell- 
surface or even the protoconchs of certain gastropods are well preserved. In 
other words, there is no indication of defacement by transportation nor evidence 
of accumulation. From these facts it can be inferred that the assemblages are 
authocthonous or subauthocthonous. 

The horizontal distribution of the twelve Recent species in these assemblages 
in the western Pacific is shown in table 2. 
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The species listed in table 2 inhabit the area north of about Lat. 36° N, which 
is under the influence of the cold Oyashio current; that is to say, they live in 
the oceanic waters in the temperate zone of the northwestern Pacific. Boreoscala, 
Menestho, Troplhonopsis, Neptunea, Propebela, etc. are also cold water elements. 

Table 2. Judging from the prevalent oc- 
currence of Boreoscala, Tropho- 


Speci G hical distributi 3 i : 
one eames pS EReon nopsis, Fulgoraria, Admete, Anti- 
Turritella nipponica Lat. 39°N planes, Suavodrillia, Venericardia 
Natica russa 39-71 d ther’? ll 
Fusitriton oreco:tensis 38-59 pore ER OM 
Admete lischkei 36-46 as the lack of characteristic 
Propebela turricula 45? ; : ce 
rE eee Hatem Ma species of shallow water inhabi 
Crenella yokoyamai | 35? tants, it may be concluded that 
Lucinoma acut'lineatum i the present assemblages sh 
Serripes notabilis 36-37 (Japan Sea side) P ag a 
Miaouia aca co 33_72 the faunal aspect of the lower 
Panomya ampla 50-68 shelf. 
Pand — ‘ i ee 
andora pulchella 36-38 (Japan Sea side) THe definition oe the One. 


ma-Manganji fauna’ was given by Oruxa (1939) for the first time, as ‘‘a fauna 
of the Japan Sea during the Pliocene’. It is said to be composed of cold 
deep water inhabitants (OruKA, 1936; Hatai and Nisryama, 1939; KANEHARA, 
1940), and is characterized by the predominance of certain forms of gastropods 
such as Turritella, Fusitriton, Natica, Admete, Antiplanes, ‘“‘Lora’’ and Suavodrillia, 
accompanied by Patinopecten, Chlamys, Astarte and some other pelecypods. 
This presents a remarkable contrast to the underlying Miocene fauna of the 
Japan Sea side where the fauna is represented by Ancistrolepis, Serripes, Pano- 
mya, Mya, etc. 

The Kubo faunule shows a close resemblance to the ‘‘Omma-Manganji 
fauna’. About 60 percent of the constituents of the faunule are common with 
the hitherto known assemblages, if not strictly identical. They are, for example, 
Epitonium (Boreoscala) echigonum KANEHARA, Menestho spp., Fusitriton oregonensis 
(REDFIELD), Suavodrillia oyamai CHINZEI n. sp., Antiplanes sadoensis (YOKOYAMA), 
Propebela spp., Venericardia ferruginea ochiaiensis CHINZEI, ‘‘Pandora” cf. pulchella 
YOKOYAMA (see Table 2). However, such species as Menestho nomurai CHINZEI 
n. sp., ‘“‘Macron’’, Coraeophos, Nucinella (Huzxleyia), Panomya are still unknown 
in the ‘‘Omma-Manganji fauna’’. 

In spite of the general resemblance between the faunule and the ‘‘Omma- 
Manganji fauna’’, the degree of similarity* of the faunule to each assemblage is 
almost less than 10 percent except for the Hamada formation (17 2) of the Shimokita 
Peninsula. In other words, the faunal constituents in the different localities of 
the ‘‘Omma-Manganji ‘fauna’ are respectively constructed of the different as- 
semblage. This fact indicates the heterogeneity of the fauna. In the present 
stage of our knowledge, the meaning of the faunal heterogeneity is not known 
precisely, hence, detailed stratigraphical, paleoecological and paleogeographical 
studies are required. 

Moreover, the faunule of the Kubo formation contains certain forms, such 


* The degree of similarity (A) is calculated by the following formula (SAKAKURA, 1935) :— 
E, x 

~~ (a+b)—x 

(x=number of species common between the two faunas or assemblages to be compared; a, b= 

numbers of species of the two faunas) 


x 100 
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as, Neptunea otukai CHINzEI n. sp., Suavodrillia oyamai CHINZEI n. sp., Veneri- 
cardia ferruginea ochiaiensis CutNnzel, Clinocardium iwatense CHINZEI Nn. Sp., each 
of which is closely related to, but disinctly different from, species in the ‘‘Om- 
ma-Manganji fauna” in other localities. The corresponding species in ‘“Omma- 
Manganji fauna” are as follows: Neptunea uwasoensis (OTUKA), Suavodrillia 
declivis (v. MARTENS), Venericardia ferruginea (CLESSIN) and Clinocardium ciliatum 
(Fapricrus) respectively. The abnormal thickening of shells of some forms also 
deserves attention, for example, Neptunea otukai CHINZEI n. sp., ‘‘Macron’’ nip- 
ponensis CHINZEI n. sp., Coraeophos meisensis ninohensis CHINZEI n. subsp., Veneri- 
cardia ferruginea ochiaiensis CHINZEI and Clinocardium iwatense CHINZEI Nn. sp. 

The occurrences of Coraeophos and ‘‘Macron’’ are highly interesting in con- 
sidering their geographical and stratigraphical distribution. The occurrence of 
‘‘Macron’’ is limited in the Miocene to Recent of the west coast of North 
America. Although the generic designation of the present specimen to Macron 
is still tentative, the occurrence of the allied form in the western Pacific is worth 
paying attention. Coraeophos, as discussed in the following lines, has hitherto 
been reported only from the Miocene of northern Pacific region, or some 
localities of the upper Miocene of Japan and Korea, and the Miocene Astoria 
formation of the west coast of North America. C. meisensis ninohensis CHINZEI 
n. subsp. is the first occurrence of the genus in the Pliocene deposits, and is 
considered as a relict of the Miocene species. 


Geological Significance of the Faunule 


The Sannohe group can be correlated with the Sendai group of the environs 
of Sendai and Ichinoseki cities, which are said to have been deposited as the 
thin veneer on the western margin of the Kitakami Mountains. 

Although they were deposited in the same terrain, between the Kitakami 
Mountains and the central part (Ou Mountain Range) of the so-called Uetsu 
geosyncline of the Northeast Japan, the Sannohe group differs in many respects 
from the Sendai group. The Sendai group is characterized by thin nonmarine 
deposits intercalated with many lignite seams, and can be subdivided into several 
formations by unconformities. Only a thin marine bed which contains the shal- 
low sea type Tatsunokuchi fauna is present in the middle part of the Sendai 
group. On the contrary, as already stated by the writer (1958 b), the Sannohe 
group consists mostly of marine beds, and shows a single large cycle of sedi- 
mentation. The group is extraordinarily thick as compared with the Sendai group, 

-as the maximum thickness of the former is 1,100m in contrast to more or less 
200m of the latter. 

Considering the above facts and the geological structure of the Sannohe 
group, the writer has an opinion that the group may have been deposited filling 
the considerably deep trough between the stable Kitakami Mountains and the 
Ou Mountain Range. In this view, the occurrence of an authocthonous deep 
water assemblage in the middle horizon of the group is interesting. 

The faunal similarity to the ‘‘Omma-Manganji fauna’? suggests that the 
marine environments were not dissimilar between the northern end of the Kita- 
kami Mountains and the geosynclinal areas of the Japan Sea side of Northeast 
Japan. However, the occurrences of certain peculiar: forms, which differ in some 
characters from their affinities of the ‘‘Omma-Manganji fauna” in other locali- 
ties, may suggest the paleogeographical and paleoecological differentiation of the 
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area caused by the initial uplift of the Ou Mountain Range. 


Description of Species 
Family Rissoidae 
Genus Alvania Risso 1820. 
Alvania awa CHINZEI, n. sp. 
Plate X, figures 1~4, 


Description: Shell small, elongate-oval. Protoconch one and a half whorls, 
prominent but small, rounded, smooth; whorls 3 or 4, shouldered at about 1/3 
from the upper suture, upper surface of the shoulder concave ; suture channeled ; 
surface ornamented with fairly ridged,.triangular axial ribs and regular, slender, 
rounded spiral cords. The penultimate and the third whorls ornamented with 
17 to 19 axial ribs and 3 spiral cords. Axial ribs 26 to 30 on the body whorl; 
which grow successively more closely spaced and ‘weaken towards the aperture ; 
and each rib becomes obsolete towards the base. Spiral cords 8 or 9, interspaces of 
cords become narrower towards the base. The uppermost cord forms the shoulder ; 
intersections of the axial ribs and the cords nodulated especially at the shoulder. 
Aperture entire, broadly oval, anterior and posterior ends form nearly a right 
angle respectively ; outer lip curves as strong as inner lip; inner surface of both 
lips smooth. Umbilicus funnel-shaped. 

Remarks: ‘This species is characterized by its low spire, well inflated oval 
body whorl, nodulously cancellated surface sculpture, and distinct shoulders at 
upper 1/3 of the whorl. 

Alvania carpenteri WEINKAUFF is quite similar to awa, but the two can be 
distinguished by the number of both axial and spiral sculptures; moreover, the 
former has no distinct nodes on the intersections of axial and spiral sculptures. 
A. tokyoensis (PILsBRy) is another allied species, but it is different from the new 
one in having higher spire and less inflated body whorl. 

With the small elongate-oval outline and cancellated sculpture, the new 
species resembles A. akibai (YOKOYAMA) and A. maya (YoKoyAma), which were 
reported from the Sawane formation of Sado Island and are important elements 
of ‘‘Omma-Manganji fauna’, but the new species can easily be discriminated 
from the latters by its distinct shoulders. It is allied to A. sitta (YOKOYAMA) 
which is also a Sawane species, in having distinct shoulders and nodulated can- 
cellous sculpture ; however, it differs from the latter in the larger numbers of 
axial ribs and spiral cords. 

Measurements (in mm) : 


Specimen Reg. No* | Height | Maximum | Height of, | Length of | Nubet of 
Holotype CM. 8513 2.8 1.9 1G] al BES, 
Paratype CGM. 8514 vik Mead. 1) 1.0 3 

AD GM 8515 2.6 v7 1.8 1.0 3 

re CGM. 8516 2.6 1.8 1.7 1.0 3 

a GM 8517 2.4 hes 1.6 1.0 3 

oe CM 8518 2.0 ges 1.4 0.9 2.5 

26 CM 8519 2.6 1.8 eT) 15 3 


Locality: Loc. 1 (common). 


* The whole specimens here described are preserved in the Institute of Geology, Faculty of 
Science, University of Tokyo. 
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Family Turritellidae 
Genus Turritella LAMARCK 1799. 
Turritella (Neohaustator) nipponica YOKOYAMA 
Plate X, figure 14. 


1920. Turritella nipponica YOKOYAMA, Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 39, Art. 6, 


p: 71, pl. 4, fe. 16: 
1950. Turritella nipponica, HATAI and KOTAKA, Jour. Geol. Soc. Japan, Vol. 56, No. 654, 


pp. 102-103, text-figs. la, Ib. 
1952. Turritella (Neohaustator) nipponica, IDA, Geol. Surv. Japan, Rept. No. 150, pp. 47- 
50, pl. 3, fig. 7. 


Remarks: Many well preserved specimens were collected at Locs. | and 2. 
Their spiral ornamentation has the features characteristic to T. nipponica, having 
4 spiral cords, the lower two of which are more prominent, and having trape- 
zoid whorl profil. In Northeast Japan, 7’. ipponica has been reported as fossils 
only from the Pliocene Hamada formation, one of the ‘‘Omma-Manganji’’ loca- 
lities, of the Shimokita Peninsula and the Pleistocene of Anden, Oga Peninsula, 
Akita Prefecture. CM 8521-8523, CM 8587. 

Locality: Loc. 1 and Loc.2 (both very abundant). 


Family Epitoniidae 
Genus Epitonium RSOpviNG 1798. 


Epitonium (Boreoscala) cf. echigonum KANEHARA 
Plate X, figure 13. 


cf. 1940a. Epitonium (Boreoscala) yabei NOMURA var. echigonum KANEHARA, Bull. Imp. 
Geol. Surv. Japan, Vol. 27, No. 2, pp. 14-16, pl. 4, figs. 6a, 6b. 

cf. 1940b. Epitonium (Boreoscala) yabei echigonum, KANEHARA, Japan. Jour. Geol. Geogr., 
Vol. 17, Nos. 1-2, p. 128, pl. 7, figs. 13-16. 


Remarks: ‘Two broken specimens were obtained. They are characterized 
by 12 straight varices and 6 or 7 rounded low spiral cords. The species has hi- 
therto been reported from Manganji, Akita Pref., the type locality of the ‘“‘Man- 
ganjian fauna’ of OTuKA (1936), and from the Takezawa oil field of Niigata Pref., 
both Pliocene in age. CM 8524, 8525. 


Locality: Loc. 1 (rare). 


Family Naticidae 
Genus Natica Scoro.t 1777. 
Natica (Tectonatica) russa GOULD 
Plate X, figure 8. 
1919b. Cryptonatica aleutica DALL, Proc. U. S. Nat. Mus., Vol. 56, p. 352. 
1921. Cryptonatica aleut ca, DALL, Bull. 112, U. S. Nat. Mus., p. 164, pl. 14, fig. 10. 
1924b. Natica (Cryptonatica) aleutica, OLDROYD, Publ. Puget Sound Biol. Stat., Vol. 4, p. 
161, pl. 22, fig. 12. 

1927. Natica russa GOULD, OLDROYD, Stanf. Univ. Publ. Geol. Sci., Voll. 2s press pwi23: 
1927. Natica aleutica, OLDROYD, Ibid. p. 123. 
1931. Natica russa, GRANT and GALE, Mem., San Diego Soc. Nat. Hist., Vol. 1, pp. 798-799. 
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1939. Natica (Cryptonatica) clausa tugaruana NOMURA and HATAI, OTUKA, Jour. Geol. Soc. 
Japan, Vol. 46, No. 544, pp. 25, 30, pl. 2, text-figs. a-d. 

1958. Natica (Tectonatica) clausa tugaruana, ITOIGAWA, Mem. Coll. Sci., Kyoto Univ., Ser. 
B, Vol. 24, No. 4, p:261, pli 2, fig. 5. 


1958a. Tectonatica russa, HABE, Publ. Akkeshi Biol. Stat., No. 8, pp. 13-14, pl. 5, fig. 7. 

Remarks: The specimens were found with calcareous operculums. Natica 
russa Closely resembles N. severa Goutp; however, it can be distinguished from 
the latter by less inflated whorls and acuter apical angle. OrTuKa’s specimens, 
reported from the Hamada formation of the Shimokita Peninsula as N. clausa 
tugaruana, are quite similar to the present species. Natica tugaruana may be 
another species. Some of the specimens reported under the name of Natica 
janthostoma Desuayes from certain lgcalities of the ‘‘Omma-Manganji fauna”’ 
may correspond to N. russa. , 

The species is found in the Recent waters ranging from the Bering Sea to 
eastern Hokkaido, and to Catalina Island, Southern California. 


Measurements (in mm): 


: . : Height of Length of Maximum : 
Apeninens Height body whorl aperture diameter | Apical angie 
CGM. 8526 24.0 21.3 18.5 22D, 107° 
CGM. 8527 23.2 212. 17.7 22.6 109 
CM. 8528 17+ 16+ 14+ 15o1 105 


Locality: Loc. 1 (rare); Loc. 2 (common); Loc. 3 (rare). 


Family Cymatiidae 
Genus Fusitriton COSSMANN 1903. 


Fusitriton oregonensis (REDFIELD) 


1848. Fusus Oregonensis SAY, REEVE, Conch. Icon., Vol. 4, Fusus, pl. 16, figs. 61 a, b. 

1880. ‘‘Triton (Priene) cancellatus LAMARCK”’, TRYON, Man. Conch., Vol. 3, p. 34, pl. 16, 
figs. 164-167, pl. 17, figs. 170-172. 

1927. Argobuccinum (Fusitriton) oregonensis (REDFIELD), OLDROYD, Stanf. Univ. Publ. 
Geol. Sct., Vol. 2, pt. 2, pi 242, pl. 37, figs. 1-3. 

1931. Fusitriton oregonensis, KURODA in HOMMA, Geology of Middle Shinano, Spec. Stud., 
p: 76; pl. lp figs, 77,278: 

1931. Ranella (Priene) oregonensis, GRANT and GALE, Mem. San Diego Soc. Nat. Hist., 
Vol. 1, pp. 737-738, pl. 27, fig. 12. 

1934. Fusitriton oregonensis, KINOSHITA and ISAHAYA, Rep. Fish. Surv. Hokkaido Fish. 
Experim. Stat. No. 38, p. 7, pl. 4, fig. 30. 

1942. Argobuccinum oregonensis, WEAVER, Univ. Washington Publ. Geol., Vol. 5, pp. 418- 
419, pl. 83, fig. 15. 

1954. Argobuccinum oregonensis, ABBOTT, Amer. Seashells, pp. 194-195, pl. 24, fig. g. 

1958a. Fusitriton oregonensis, HABE, Publ. Akkeshi Mar. Biol. Stat., No. 8, p. 16, pl. 2, 
fig. 8p). 5; fig. <2 


Locality: Loc. 2 (rare), Loc. 3 (common). 


Family Muricidae 
Genus Trophonopsis BUCQUAY, DAUTZENBERG and DottiFus 1882. 
Trophonopsis aff. beringi (DALL) 
Plate XX, figures 11, 12. 
1937. Trophonopsis (Boreotrophon) beringi (DALL), KANEHARA, Trans. Proc. Pal. Soc. 
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Japan, No. 8, (Jour. Geol. Soc. Japan, Vol. 44), p. 707, pl. 22, fig. aE 


Remarks: The present specimens resemble Trophonopsis beringi (DALL, 1902, 
p. 544) in the general outline, but they differ from the latter by lower spire, 
more distinct shoulder, shorter anterior canal and relatively larger aperture. T. 
rotundus (DAtL) and T’. eucymata (Datt) also resemble the present specimens but 
they have higher spires and longer canals. T. subclavatus (YOKOYAMA) has more 
spinose shoulder. T’. solitarius (YOKOYAMA) has a similar outline, but the speci- 
mens can be distinguished by less number of varices. 

“T’. (Boreotrophon) beringi”, reported by KANeHara (1937) from the Pliocene 
of Teshio oil field, Hokkaido, may be identical with the present form. 

The characters of the Japanese specimens are summarized as follows: Shell 
small for the genus, spire rather low, whorls about 5, angular but not spinose 
at the shoulder being at the middle part of the whorl: surface ornamented 
with low, triangular varices, 10 in number on the penultimate whorl, and with 
fine growth lines; spiral striations obsolete or none: body whorl large, about 
two thirds of the shell length ; varices 12: aperture large, rounded oval in outline ; 
canal not so long for the genus, slightly curved, semicircular in cross-section ; 
basal fasciole weakly imbricated. 

Measurements (in mm): Height 15.2, height of spire 4.5, long-diameter of 
aperture with canal 8.0, maximum diameter of body whorl 7.0. CM. 8529. 

Locality: Loc. 1 (rare). 


Trophonopsis sp. 
Plate IX, figures 14, 15. 


Remarks: Only one immature specimen is at hand. This is characterized by 
turretted spire, long and narrow canal, distinctly shouldered whorls. Varices 
are 16 on the body whorl. 

Measurements (in mm): Height of shell 9.0, height of body whorl 6.4, length 
of aperture including canal 4.6, maximum diameter 4.0, apical angle 46°. CM. 
8530. 

Locality: Loc. 2 (rare). 


Family Buccinidae 
Genus Neptunea BoLTeN 1798. 
Neptunea otukai CHINZEI, n. sp. 

Plate [X, figures 12, 13. 


Description: Shell medium for the genus, heavy and thick, fusiform, inflated 
but not strong; spire low, whorls more than 4, prominently shouldered ; apex 
defective. Surface of the penultimate and the younger whorls ornamented with 
equally spaced 4 strong spiral cords, and fine growth lines; the third cord from the 
upper suture makes a distinct shoulder, and divides a whorl into lower vertical 
part and upper gently inclined part; first cord, which contacts the upper sture, 
low, broad and flat-topped. Interspaces of cords are broader than cords them- 
selves and sculptured with 3 or sometimes 5 weak secondary threads, being more 
prominent in the middle of the interspace than other parts. The body whorl large, 
rounded, ornamented with 14 to 16 spiral cords which are spaced more densely 
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towards the base ; secondary interstitial threads are 5 on the upper, diminish to 
3 in the middle and to 1 on the basal parts of the body whorl. Aperture oval ; 
both lips thinly encrusted, smooth ; anterior canal large, broad, but not very long, 
slightly curved ; basal fasciole thick and elevated. 

Remarks: One well preserved specimen and many fragmental specimens 
are at the writer’s disposal. The species are characterized by low spire, distinctly 
shouldered whorls and strongly raised four spiral cords. 

The new species allies to Neptunea uwasoensis (OTUKA) (1935 c, p. 369-370, pl. 
54, fig. 75) reported from the Pliocene Nozaki beds, one of the ‘““Omma-Manganji” 
localities, of Oti graben of Toyama Prefecture. Judging from the resemblance 
of the spiral pattern, it may be presumed that the new one has some relation 
to N. wwasoensis, although it can be distinguished from the latter by much more 
inflated shell and less prominent shoulder. The new one closely resembles N. 
yokoyamai OYAMA (YoxKoyaMa, ‘‘Chrysodomus phoeniceus DAtw’’, 1920, p. 50-51, 
pl. 2, figs. 8-10), but the former differs from the latter in its pattern of spiral 
sculpture ; i. e. N. yokoyamai has a prominent secondary and many weaker ter- 
tiary spiral threads. N. andersoni (MARTIN) (1914) also allies to the new species, 
but the shoulder of andersoni is much more prominent and situated nearer to 
the upper suture than the new one, and the ribs are much broader. 

Measurements (in mm): Height 66, height of body whorl 54.4, maximum 
diameter 36.8, apical angle 62°. Holotype, CM 8531, Paratype, CM 8585, 
8586. 

Locality: Loc. 1 (common). 


Genus Coraeophos MAKIYAMA 1936. 
Type species: Phos (Coraeoplos) meisensis MAKIYAMA, 1936 (original designation). 


Remarks: MaxtyaMa established Coraeophos as a new subgenus of Phos. 
However, the ornamentation of Phos is composed essentially of strong axial sculp- 
tures, and spirals are only a subordinate character. On the other hand, the 
spirals of Coraeophos are prominent and stable as axials. Accordingly, the writer 
considers that they are of distinctly different two groups although some other 
important characters are common between them. 

Coraeophos has many common characteristics with Antillophos (WoOoDRING, 
1928) of Calibbean region, i. e. strongly cancellous sculpture, deep canal, well 
inflated columella with a strong fold, and outer lip with a shallow stromboid notch. 
The writer inclines to consider that there exists a close phylogenetic relation 
between Coraeophos and Antillophos. However, Coraeophos differs from Antil- 
lophos in having shorter canal and columella, equally strong (in most species of 
Antillophos, axial sculptures are more or less stronger and broader than radials) 
spiral cords and axial costae, and much shallower stromboid notch of the outer 
lip. In these respects, the writer hesitates to regard Coraeophos as a synonym 
of Antillophos and tentatively regards it as an independent genus. 

The following species may be considered to belong to the genus 


Coraeophos: 
Nassarius nakamurai Kuropa (1931) ... upper Miocene of Central Honshu. 
Nassarius iwakianus (YOKOYAMA) (1931). . upper Miocene of Northeast Honshu. 
Phos (Coraeophos) meisensis Maxtyama (1936)... upper Miocene of North 


Korea. 
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Coraeophos meisensis ninohensis CHINZEI n. subsp... . Pliocene of the present 


locality. 

Peas (Antillophos) dumblei chehalisensis (WEAVER) (ETHERINGTON, 1931 5 
Weaver, 1942) from the Astoria formation may belongs to the same genus 
judging from its short canal and cancellous sculpture. No definite Antillophos 
has hitherto been known from the northern Pacific region, and Coraeophos may 
be a circum-northern Pacific representative of ‘‘Antillophos group”. The hither- 
to reported Coraeophos were restricted to the middle to upper Miocene only, and 
the present species is the first discovery from the Pliocene deposits. 


Coraeophos meisensis ninohensis CHINZEI n. subsp. 
Plate IX, figures 18-22. 


Description: Shell medium size for the genus, turretted, thick; protoconch 
2 whorls, small, surface eroded. Whorls 6 in number, moderately inflated, weakly 
shouldered; surface ornamented with cancellous sculpture. Body whorl large, 
about 3/5 of the shell height, moderately inflated and follows gradually to the 
base. Spiral cords 4 on the penultimate and the younger whorls, and 9 or 10 
on the body whorl; equally prominent, equally spaced, flat, a little narrower than 
their interspaces, which become broad successively with growth; the uppermost 
cord forms a shoulder; weak interstitial spiral threads are seen on the penulti- 
mate and the body whorls. Axial costae 26 on the body whorl, 20 or 21 on the 
penultimate and 14 or 15 on the third whorls; equally prominent, flat, not united 
between whorls; costae of the body whorl become denser but weaker towards 
the aperture. Aperture oblique, fusiform, not large ; outer lip thickened, a faint 
stromboid notch is near the anterior canal, inner margin distinctly crenulated, 
crenulations 10 in number; inner lip smooth, parietal callus thin, a slender in- 
distinct fold is seen near the uppermost part of inner lip. Anterior canal short, 
deep, semicircular in section, turned backwards, abruptly truncated. Columella 
short, twisted, a low columellar fold is at the lowest; siphonal fasciole strongly 
inflated, sculptured by some spiral threads. 

Remarks: Coraeophos meisensis (MAKIYAMA) (1936, p. 225, pl. 5, figs. 18, 19) 
was reported from the Miocene of Mydnch’dn (Meisen), North Korea. The 
new subspecies closely resembles the type of meisensis, but differs in denser 
cancellous sculpture, i. e. axial costae of meisensis was described as 22 on the 
body whorl, while the present one has 26. The difference between meisensis 
and ninohensis is not so distinct as specific difference for the genus; hence, the 
writer regards ninohensis as a subspecies of meisensis, although both stratigraphi- 
cal and geographical positions are separated. 

*‘Nassarius” iwakianus (YOKOYAMA) and ‘‘N.”? nakamurai Kuropa may also 
belong to Coraeophos as stated before. ‘‘N.’’ iwakianus is distinguishable from 
meisensis in its higher spire, longer columella, less inflated whorls, more slender 
and less prominent sculptures, and also by less number of spiral cords (3 on ear- 
lier whorls and 8 on the body whorl). The type specimens of ‘‘N.? nakamurai 
are so fragmental that the differences can not precisely be recognized, but it may 
be distinguished from the present form by the number of spiral cords. “ N.” 
nakamurai illustrated by Kanno and Tomizawa (1959, pl. 2, figs. 8, 9) has more 
slender and more highly turretted spire than any of other species of Coraeophos. 

As stated in the discussion of the genus, the present new form is the youngest 
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in geological age of all known species of Coraeophos. It may be a relict of the 
upper Miocene species. 
Measurements (in mm) : 


erat : Height of Maximum Length of 

se tis peer body whorl diameter aperture 
Holotype QM 8532 23.7 15.0 11.5 11.8x4.4 46° 
Paratype GM 8533 24.4 16.4 eal 11.6 3.9 45° 


~ Locality : ‘Loc. | (common), \ oyeaw (rare). 


. 


Genus Macron H. ApamMs and A. Apvams 1853. 
‘‘Macron” nipponensis CHINZEI, Nn. sp. 
Plate IX, figures 10, 11. 


Description: Shell moderate size for the genus, very thick and solid; spire 
acutely elevated, concave-conical, but not so high. Whorls 6 in number, mode- 
rately inflated, or flattish, not shouldered, separated by shallow but distinctly 
channeled sutures; body whorl large, about 3/4 of the shell height, rounded, 
lower half rather concave in outline. Surface ornamented with low broad spiral 
cords, and many weak spiral threads are visible on and between cords; cords 5 
on the penultimate and the earlier whorls, the lowermost one sometimes covered 
by undulated suture of the lower whorl; cords about 13 on the body whorl, 
which become more distinct towards the base. Aperture not large, pentago- 
nally ovate; broad and deep canal at the anterior; weakly notched at the 
posterior end. Outer lip very thick, weakly denticulated; dentition about 10; 
inner lip smooth with thin callus. Basal fasciole prominent; umbilical area 
shallowly perforated. 

Remarks: This new species is characterized by its oval outline, very thick 
shell (4.5mm thick at the aperture), weak dentition of the inner margin of the 
outer lip, and by the spiral cords which develop more distinctly towards the 
base. These characters agree well with the generic category of Macron (H. ADaMs 
and A. Apams, 1853; Wenz, 1943), a genus having limited distribution in the 
west coast of North America. However, as the form of spire and the general 
characters of spiral cords show neptuneid-type features, this species can easily be 
separated from the typical Macron and subgenus Macroniscus (THIELE, 1929). At 
a glance, this species seems to belong to Neptunea, but the above mentioned 
characters are not found in Neptunea. 

The following species were hitherto recognized as Macron:—M. aethiops 
(REEVE), M. aethiops var. kelletti (A. ADAMS), M. hartmanii HERTLEIN and JORDAN, 
M. lividus (A. ADAMS), M. merriami ARNoLD, M. orcutti Datt and WM. trochlea 
(Gray). Among these species, M. orcutti Dati (1918, pp.5, 6) most closely re- 
sembles the present species, but the latter can be easily distinguished from orcutti 
by having no sharp, distinct and strong grooves near the base of the body whorl, 
and by the weak dentitions of outer lip being only 10 in number. 

Measurements (in mm): Height of shell 53.8, height of body whorl 44.0, dia- 
meter of body whorl 33.0, apical angle 70°. Holotype, GM 8534. 

Locality: Loc. 2 (rare). 


116 K. CGHINZEI 


Genus Mohnia FRIELE 1878. 
Mohnia sp. 
Plate X, figures 19, 20. 


Remarks: Two immature specimens are at hand. They have five or more 
whorls ornamented with strong, weakly curved axial varices (13 on the body 
whorl), and weak spiral threads. They resemble M. yanamii (YOKOYAMA) but 
are*distinguishable from the latter by their more slender and smaller whorls. 
They also differ from M. yanamii tenuis Hatat and Mistyama in higher body 


whorl. 


Measurements (in mm) : 


: P Height of | Maximum 
Species pleem body whorl diameter 
CM. 8547 To 4.5 3.0 
CM. 8548 5.9 6 | Defi 
| 


Locality: Loc. 1 (rare). 


Family Cancellariidae 
Genus Admete Ky6yYER in MOLLER 1842. 
Admete lischkei (YOKOYAMA) 
Plate X, figures 5-7. 


1926a. Cancellaria lischkei YOKOYAMA, Jour. Fac. Sci. Imp. Univ. Tokyo, Sec. 2, Vol. 1, 
pt. 8, pp. 264-265, pl. 32, figs. 16, 17. 

1927. Cancellaria lischket, YOKOYAMA, Jour. Fac. Sci. Imp. Univ. Tokyo, Sec. 2, Vol. 2, 
pia; ps 199) ple, oZ.uilgs OD. 


Remarks: ‘The species is characterized by axial ribs which become indistinct 
on the lower half of the body whorl, and by this character the species can easily 
be discriminated from ‘‘Cancellaria” japonica SmitH. Admete cancellata KOBELT 
can hardly be distinguished from this species. 


Measurements (in mm): 


: : Maximum Height of : 
Specimen Height of shell divmeee | body whorl Apical angle 
CM. 8535 igh 4.3 a3 GI? 
CM. 8536 8.5 4.6 6.0 Gh is 


Locality: Loc. 2 (rare), Loc. 3 (rare). 


Family Turridae 
Genus Suavodrillia Dar 1918. 
Suavodrillia oyamai CHINZEI, n. sp. 
Plate IX, figures 1-5. 


Description : Shell fairly large for the genus, thick, spire acuminated but 
not very high; whorls 6 in number, flat, strongly carinated near the lower 
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end ; suture indistinct. Body whorl large, about two thirds of the shell height. 
Surface ornamented with strong spiral cords and flexuous growth lines. The 
body whorl, a strong, prominent, round-topped carina is at upper 1/3 to 1/4 of 
the whorl (including canal); a weak cord, occurring just at the deepest portion 
of the sinus, is situated between the carina and the upper suture; 4 to 6 spiral 
cords are below the carina, which become slender and less prominent towards 
the base with diminishing interspaces. The suture runs just at the first cord 
below the carina on the penultimate and the earlier whorls, hence the visible 
ornamentations are only the strongly shouldered carina situated at the lower 1/3 
of the whorl and a weak upper cord. Aperture rather large, fusiform ; inner lip 
smooth, columella columner, weakly twisted; outer lip excavated by deep sinus 
at the upper 1/6 of the aperture; canal short, shallow, curved backwards; basal 
fasciole inflated, imbricated. i 

Remarks: This new species is characterized by its lower and stout spire 
and by only 4 to 6 cords being situated below carina. S. kennicottii (DALL) is also 
a low spired form, but the new species is distinguished from kennicottii by the 
lower position of the carina (that of kennicottii is at about upper 1/5 to 1/6 of the 
body whorl, oyamai n. sp. is at about 1/3 to 1/4), and by less number of cords. S. 
declivis (v. MARTENS) has much more slender spire (apical angle of declivis is about 
25°, oyamai is 35°), and has much number of cords near the base. S. makiyamai 
OrTuKa and S. yanagawaensis NomuRA and Z1nso differ from this new one in size 
and ornamentation. 


Measurements (in mm): 


: : Height of Maximum Length of Apical 

poeta Paige | body whorl diameter | aperture angle 
Holotype CM 8537 | 20.8 13.3 9.0 | 8.8 34° 
Paratype GM 8538 | 11.0+(13+) 8.9 6.0 6.3 34° 
9 GIMME 8539 (body whorl broken) eh 


Locality: Loc. 1 (rare). 


Genus Antiplanes Dati 1902. 
Antiplanes (Rectiplanes) sadoensis (YOKOYAMA) 
Plate IX, figures 6-9. 


1926a. Pleurotoma sadoensis YOKOYAMA, Jour. Fac. Sci. Imp. Univ. Tokyo, Sec: 2, Vol. 1, 
pia asup, 259, plas2s fin 3; 

1937. Antiplanes sadoensis, NOMURA, Saito Ho-on Kai Mus., Res, Bull., No. das p. 174, pl. 
24, figs. 5a, 5b. 

1940a. Spirotropis (Antiplanes) sadoensis, KANEHARA, Bull. Imp. Geol. Surv. Japan, Vol. 27, 
INO: 25 pe 19, ple 4, figs. Za, 2b. 


Remarks: The species was described by  Yoxoyama (1926 a) on the basis 
of a poorly preserved specimen which is now lost. The following short note can 
be added to Yoxoyama’s description:— Shell slender, solid, dextral, convex 
fuisform; whorls 8 to 10 in number, rathe flattish with round shoulder; surface 
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ornamented with many weak spiral striae which become wider with the growth 
of shell; protoconch consists of one whorl, simple and round, dextral; body 
whorl about 2/5 of the shell length; aperture narrow, outer lip with a deep and 
broad sinus near the upper end of the body whorl; canal moderately long, 
shallow and narrow, slightly convex against columella. 

As already listed by GRANT and GALE (1931, p. 554), A. sadoensis resembles A. 
thalaea (DAL) from the west coast of North America in rounded whorl-outline, 
but the latter may be discriminated from the present species by more rounded 
whorls and higher spire. A. sadoensis figured by OTuKa (1949) may belong to the 
other species, judging from its lower spire and broader aperture. Ozaxr (1958) 
illustrated a specimen as A. sadoensis, but this may also be separable from the 
typical sadoensis because of its flat whorls and shallow sutures. 

A. sadoensis from the middle Miocene deposits of Uryu coal field (Yokoyama, 
1932) is the oldest and an exceptional occurrence of Antiplanes in the Japanese 
Miocene. Most of fossil species of the genus (A. perversa contraria (YOKOYAMA), 
A. obesus Ozaki and A. sadoensis) are known in the Pliocene deposits, especially 
those of the Japan Sea side. Antiplanes is one of the most characteristic genera 
of the ‘‘Omma-Manganji fauna’’. 


Measurements (in mm) : 


gpecaen | nighe | SS |e | ated | eee 
CM. 8540 23.6 8.0 13.2 9.5 35° | 17° 
CM. 8541 16.4 6.8 9.3 8 Si ctnnclommcint Ae 
CM 8542a 20.9 7.6 11.8 9 40 28° 
8 0db 17.7 6.9 10.4 8 492 | 25 
aie 13.7 5.8 8.1 7.5 $8: set 28 
ee: 17.7 7A 10.5 8 42 bic) sees 


Locality : Loc. 1 (abundant), oem! (rare). 


Genus Propebela IREDALE 1918. 
Propebela cf. nakamurai (ONOYAMA) 
Plate IX, figures 23-25. 
cf. 1938. Lora nakamurai ONOYAMA, Venus, Vol. &, No. 2, pp. 75, 80, fig. 2. 


Remarks: ‘Yhe present specimen agrees well with Onoyama’s description, 
although it has somewhat lower spire than the latter. The specimen has 13 
prominent axial costae, has some definite and many faint spiral striations, and 
shallow but broad sinus near the posterior end of the aperture. As pointed out 
by Onoyama, P. nakamurai closely resembles Lora pyramidalis (STROM), a Recent 
species of circum-boreal seas; however, the former can be distinguished from 
the latter by coarser spiral striations and more prominent and curved axial 
costae. 

Measurements (in mm): Height 15.6+(protoconch broken out), maximum 
diameter 6.6, height of body whorl 10.0, length of aperture with canal 7.1, apical 
angle 36°. CM 8543. 


Locality: Loc. 1 (rare). 
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Propebela cf. kurodai (ONOYAMA) 
Plate X, figures 17, 18. 
cf. 1937. Lora candida YOKOYAMA, NOMURA, Saito Ho-on Kai Mus., Res. Bull., No. 13, 
p. 174, pl. 24, fig. 6. 
cf. 1938. Lora viridula kwrodai ONOYAMA, Venus, Vol. 8, No. 2; pp. 72, 79, fig. 3. 


Remarks: ‘This species is distinguishable from allied species, such as P. tur- 
ricula (MONTAGUE), P. candida (YOKOYAMA), “Lora” crosio MAKIYAMA etc., by its 
smaller size, by duller apical angle, and by the ornamentation having 16 to 19 
prominent axial ribs and may equally spaced spiral threads. 

Measurements (in mm): Height 7.6, height of body whorl 4.7, maximum 
diameter 3.4, length of aperture including canal 3.2, apical angle 40°. CM 8544. 

Locality: Loc. | (rare). . 


Propebela cf. turricula (MONTAGUE) 
Plate X, figures 15, 16. 


cf. 1846. Pleurotoma rugulatus REEVE, Conch. Icon., Vol. 1, Pleurotoma, pl. 37, fig. 345. 

cf. 1884. Bela turricula MONTAGU, TRYON, Man. Conch., Vol. 6, p. 219, pl. 30, fig. 93; 
pl. 27, fig. 22; pl. 28, figs. 41, 44, 45; pl. 29, fig. 57; pl. 33, fig. 60. 

ef. 1915. Bela turricula HARMER, Plioc. Moll. Great Britain, Vol. 1, Pt. 2, pp. 276-278, 
pl, 32, figs. 7-11. 

cf. 1915. Bela scalaris (MOLLER), HARMER, Ibid., pp. 278-280, pl. 31, figs. 1, 4. 

cf. 1915. Bela rugulata TROSCHEL, HARMER, Ibid., pp. 282-283, pl. 31, figs. 5, 11. 

cf. 1915. Bela harpularia var. rosea (LOVEN), HARMER, Ibid., p. 288, pl. 32, figs. 16, 17. 

cf. 1931. Lora turricula, GRANT and GALE, Mem. San Diego Soc. Nat. Hist., Vol. 1, pp. 
515-517, pl. 32, figs. 42, 43. 

cf. 1941. Propebela turricula, BARTSCH, Proc. Biol. Soc. Washington, p. 7, fig. 10. 

cf. 1958. Propebela turricula candida (YOKOYAMA), ITOIGAWA, Mem. Coll. Sci., Univ. 
Kyoto, Ser. B, Vol. 24, No. 4, p. 254, pl. 2, fig. 19. 


Remarks: Only one specimen is at hand. It is characterized by well inflated 
body whorl ornamented with 16 prominent axial ribs, and by many weak spiral 
cords. The specimen has fairly distinct shoulders and small body whorl. It is 
allied to “‘Bela turricula’’? and its synonyms illustrated by Tryon and HARMER 
and others. 

The specimen resembles Bela candida YOKOYAMA (1926a, pl. 34, fig. 1), but 
the latter has 21 axial ribs and very faint spiral threads. Propebela kurodai 
(OnoyaAMA) has sharply angulated shoulders and stronger spiral ornamentation. 

Measurements (in mm): Height of shell 11.1, height of body whorl 6.7, length 
of aperture including canal 4.4, maximum diameter 5.0, apical angle 41°. CM 
8545. 

Locality: Loc. 1 (rare). 


Propebela sp. 
Plate IX, figures 16, 17. 


cf. 1942. Lora tabulata (GARPENTER), WEAVER, Univ. Wash. Publ. Geol., Vol. 5, pp. 519- 
520, pl. 97, fig. 12. 
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Remarks: The general outline of the specimen agrees with that of Bela 
candida YoKovaMA; however, this is distinguishable from candida by many dis- 
tinct spiral cords separated by narrower interspaces, and by much more inflated 
body whorl. The present specimen is identical with Lora tabulata of WEAVER 
(1942), which does not agree with description and figures of CARPENTER’S 
original specimens (PALMER, 1958, pp. 234-235, pl. 25, figs. 7-11). Because of the 
scanty knowledge on the general characters of Lora tabulata, the writer hesitates 
to name the present specimen tabulata. 

Measurements (in mm): Height of shell 13.2, height of body whorl 9.0, length 
of aperture including canal 6.7, maximum diameter 6.4, apical angle 48°. CM 
8546. 

Locality: Loc. | (rare). 


Family Pyramidellidae 
Genus Menestho MO.tiER 1842. 
Menestho araii (OTUKA) 
Plate X, figures 23-25. 


1938. Odostomia (Evalea) araii OTUKA, Jour. Geol. Soc. Japan, Vol. 46, No. 544, p.29, pl. 2, 
figs. 13, 14. 


Remarks: OvuKa described araii on the basis of a single specimen. Some 
noticeable variation in sculptures is seen among the specimens collected at Loc. 
1. The following short notes can be added to Oruxa’s description. Shell small, 
elongate conical; number of whorls 4 and a half in general, 6 at the maximum ; 
sutures deeply channeled; protoconch one and a half. Whorls not shouldered, 
gently inflated; ornamented by equally spaced, narrow but well marked spiral 
grooves, 4 or 5 in number on the penultimate and the younger whorls; and also 
ornamented by fine, nearly straight growth lines. Body whorl large, about 2/5 
of the shell height, ornamented by equally spaced, 5 or 6 spiral grooves situated 
between periphery and the upper suture. Columella short, weakly curved; 
umbilical part shallowly depressed, parietal lip covered by thin callus. Colu- 
mellar fold not seen. 

Menestho araii is quite similar to Odostomia (M.) fetella Datt and BarTscH, 
a southern Californian species, in shell outline and sculpture of the younger whorls. 
However, the latter differes from M. araii in having many spiral grooves below 
the periphery of the body whorl. 


Measurements (in mm) : 


Specimen Sd remem coer liane et 
CM 8549 4.9 25 2.6 1.6 30° 6 
CM 8550 3.3 1.7 Zak KS — 4.5 
CM 8551 3.6 7) 2.0 rst SI 4.5 
CM 8552 Sz 1.8 yt leo = 4.5 
CM. 8553. 2.8 1.6 1,9 Ui — 4 
CM. 8554 2.6 5 1/8 iti] — 300) 
Holotype (OTUKA’s No. 4269) 3.9 2.0 2.4 Re ga — 4 


Locality : Loc. 1 (common). 
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Menestho iwatensis CHINZEI, n. sp. 
Plate X, figures 21, 22. 


Description: Shell small, elongate-conical; protoconch one and a half whorls, 
small, helicoid, surface smooth, extreme end depressed. Whorls 3 and a half 
in number, fairly inflated, suture channeled; whorl-surface ornamented with 
narrow, distinct spiral grooves and with fine growth lines. Spiral grooves equally 
spaced and equally prominent, 7 in number on the penultimate whorl, 5 on the 
third and the younger whorls; the uppermost groove situated close to the suture, 
and second groove is split into two shallower grooves. Body whorl large, 2/3 
of the shell height, gently inflated; periphery is at the middle portion of the 
whorl ; spiral grooves 16, equally spacéd but somewhat closer near the umbilical 
region. Aperture oval, posterior end acute; anterior end rounded, turned out- 
wards; outer lip smooth; columella short, curved, with a low broad columellar 
fold. Umbilicus depressed, covered by thin callus. 

Remarks: The new species is characterized by moderately inflated and 
large body whorl, equally spaced, equally prominent 16 spiral grooves, and by 
large oval aperture with a low columellar fold. Although the surface ornamen- 
tation of iwatensis n. sp. is similar to that of Odostomia (Menestho) pharcida DAL. 
and Bartscu, the former can be easily discriminated from the latter by its lower 
spire, more inflated whorls and much larger body whorl. M. (Oscilla) yokoha- 
mensis Nomura closely resembles the new species but they differ in spiral sculp- 
ture, i. e. M.yokohamensis has broad, rounded cords and the new species has 
narrow grooves. M. sexulcata Nomura and M. s-hataii Nomura have also similar 
ornamentation, but they differ from the present new species in their higher spire 
and smaller body whorl. 

Measurements (in mm): Height of shell 3.3, height of body whorl 2.2, length 
of aperture 1.5, width of aperture 1.0, maximum diameter 1.7. Holotype, CM 
8555. 

Locality: Loc. 1 (rare). 


Menestho nomurai CHINZEI, n. sp. 
Plate X, figures 9, 10. 


Description: Shell large for the genus, elongate conical, spire rather low; 
protoconch small, one and a half whorls, surface smooth, extreme end depressed. 
Whorls 4 and a half; suture very distinct and grooved; each whorl strongly 
shouldered near the upper suture, shelf narrow, flat, nearly horizontal. Surface 
ornamented by well marked, subequally spaced, narrow spiral grooves, and fine 
weakly convex growth lines; number of spiral grooves is 6 on the younger 
whorls, the uppermost of which is split into two shallower grooves on the penulti- 
mate and body whorls. Body whorl large, moderately inflated, ornamented with 
12 or 13 equally spaced spiral grooves, which successively weaken to the base ; basal 
part (around the umbilicus) ornamented by faint spiral threads and growth lines. 
Aperture large, oval; anterior end rounded, bent outwards; posterior end acute ; 
columella short, curved; umbilicus channeled. Columellar fold one, low and 


broad ridge-shaped. . 
Remarks: The only one specimen is at the writer’s disposal. It is characte- 
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rized by distinctly shouldered whorls. Such a species of Menestho having hori- 
zontal shoulders has not been known in the circum-Pacific region. The new 
species resembles M. kesennumensis Nomura in having distinct shoulders, but the 
shoulders of the latter are not so prominent and inclined outwardly ; moreover, 
it can be distinguished easily from the latter by its lower spire and much larger 
body whorl. The new species closely resembles Odostomia turricula Dati and 
Bartscu in having peculiar flat shoulders. However, O. turricula differs from 
the new one in having prominent axial sculpture. 

Measurements (in mm): Height of shell 4.8, height of body whorl 3.1, aper- 
ture 2.0x1.1, maximum diameter 2.9, apical angle 44°. Holotype, GM 8556. 

Locality: Loc. 2 (rare). 


Genus Odostomia FLeminc 1813. 
Odostomia (Evalea) cf. aleutica DAtL and BaRTscH 
Plate XI, figures 4, 5. 


cf. 1909. Odostomia (Evalea) aleutica DALL and BARTSCH, Bull. 68, U. S. Nat. Mus., p. 
196, pl. 22, fig. 5. 


Remarks: Only one specimen was collected. It is characterized by well 
inflated large body whorl and by shell surface being ornamented by fine growth 
lines and many very faint spiral threads. No distinct columellar fold is visible. 
Among the known Japanese species, Odostomia (s. s.) makiyamai NoMuRA, reported 
from Shiogama Bay, is the closest to this species, but is distinguishable from 
aleutica by smaller body whorl, more rounded aperture and by a prominent 
columellar fold. 

O. aleutica was reported from Iliuliuk Harbor, Alaska (at a depth of 55fm. 
with bottom temperature of 41°6F), and from Captains Harbor (at 25fm. on 
muddy bottom). 

Measurements (in mm): Height of shell 2.8, height of body whorl 1.8, length 
of aperture 1.2, maximum diameter 1.6, apical angle 41°. CM 8557. 

Locality: Loc. 1 (rare). 


Family Glycymeridae 
Genus Glycymeris Da Costa 1778. 
Glycymeris derelicta (YOKOYAMA) 
Plate XI, figures 12-15. 
1928. Pectunculus derelictus YOKOYAMA, Jour. Fac. Sci. Imp. Univ. Tokyo, Sec. 2, Vol. 2, 
Pt. 7, p. 361, pl. ‘69, fig. 1. 


1935. Glycymeris direlicta, NOMURA and ZINBO, Saito Ho-on Kai Mus., Res. Bull., No. 6, 
pp. 157-158, pl. 15, figs. 1, 2. 


Remarks: ‘The specimens have very characteristic features, such as, unequi- 
lateral outline, opisthogyral beak, assymmetric sculptures of ligamental area, and 
acute apical angle. As compared with Yokoyama’s type, some of the present 
specimens have more round and others are more unequilateral shell, and radial 
rib-like striae of present specimens seem to be denser than that of YoKoyama’s 
specimen, G.derelicta, reported from the Miocene Yanagawa formation by No- 
MuRA and ZINBo; has more rounded dorsal margin than both Yoxoyama’s and 
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the present specimens, although it may safely be said that they fall within an 
intraspecific variation. 

The characteristics of the present specimens are as follows: Shell medium 
size for the genus, thick, rounded or subrounded, equivalve but inequilateral, 
height equal to or little higher than length; anterior margin broadly rounded ; 
posterior margin rounded or somewhat protruded near the posterior muscular 
scar. Beak situated about middle portion of the shell, small, prominent, not 
touching, slightly turned backwards; apical angle about 90° to 110°. Surface 
ornamented with many faint broad rib-like striae, on which weaker secondary 
radiating lines are seen, and with many werk concentric growth lines; radiating 
sculptures appear to be obsolate on both sides of shell. Hinge plate heavy, 
broad, flattish, strongly arcuated; ligamental area triangular, short, about 1/3 
to 1/4 of the shell length, anterior ‘half longer than posterior, sculptured with 
distinct but asymmetrical chevron grooves, extreme point of inverted-V-shape of 
grooves dislocated to posterior from just below the beak ; 20 to 30 oblique, lamel- 
ler teeth which become weak and irregular at the middle. Adductor muscular 
scar distinct, anterior scar more or less larger and elongated. 

G. nipponica (YOKOYAMA) is an allied species. However, this is distinguishable 
from G.derelicta by its smaller size, lower shell and narrower ligamental area. 
One of its cotype illustrated by Yokoyama (1920, pl. 18, figs. 7a, 7b) has an out- 
line somewhat similar to the present form. G. septentrionalis (MIDDENDORF) 
resembles derelicta in its subangular outline and opisthogyral beak, but the form- 
er is distinguishable from the latter by its lower shell. 

A specimen collected by Oruxa from the Omma formation of Ishikawa 
Prefecture and is now in the collection of our Institute may be identical with 
this species. The type of Yokoyama was reported from the Pliocene of Higashi- 
yama oil field, Niigata Prefecture. The species may be a common constituent 
of the ‘‘Omma-Manganji fauna’’. 


Measurements (in mm): 


Number of| Number of | Number of} Number of 


Specimen | Valve | Length | Height chevron | anterior | posterior | marginal 

| grooves teeth teeth crenulation 
CM. 8558 | (R-L) 34.4 3720 | J0.6X2Z 11 10 13 28 
CGM 8560| (L) 39.1 40.2 11.9 10 14 10 2 
CGM 8561} (R) 32.) 34.3 9.5 8 14 12 Ze 
CM. 8559} (L) 33.0 32.9 9.0 zi 14 WY 22 
CM 8562; (R) 40.0 39.1 9.7 i 11 13 22 


Locality: Loc. 1 (common), Loc. 2 (rare), Loc. 3 (rare). 


Family Limopsidae 
Genus Nucinella S. Woop 1851. 
Nucinella (Huzleyia) ochiaiensis CGHINZEI, n. sp. 
Plate XI, figures 1-3. 


Description: Shell small, oval, strongly inflated, equivalve ; umbo low, round- 
ed and small; surface almost smooth, sculptured only by faint growth lines. 
Anterior margin broadly rounded ; postero-dorsal margin weakly shouldered near 
'-the end of “cardinal” hinge plate, postero-ventral margin gently arcuated ; vent- 


124 K. CHINZEI 


ral end somewhat produced, rounded. Hinge area broad, composed of a large, 
subtrigonally depressed ligamental area being situated just below the umbo; 
five, thick, tabular or tuberculous teeth situated at the posterior of the ligamental 
area and separated by deep sockets; and a large, prominent, posterior lateral 
tooth is seen near the middle of the posterior margin. Internal surface smooth ; 
muscular impressions large, but weak; inner margin smooth, edged. 

Remarks: Nucinella (Huzxleyia) sulcata (A. ADaMs) resembles the new species ; 
however, the new one can be distinguished by smaller shell, more rounded oval 
outline, strong posterior lateral tooth, and almost smooth surface. N. (Huzleyia) 
munita (DALtL) is closely allied to the new one, and they can hardly be distin- 
guishable unless by shell outlines, i.e. the present new one has more elongated 
shell and more produced ventral end. 


Measurements (in mm) : 


Specimen Valve| Length Height Thickness ee a 
Holotype CM 8566 | L 2.1 2.5 cee ee 
Paratype CM 8567 | R 1.9 2.3 “he OB 1.0 

» OM 8568 | » 1.5 1.7 0.6 | ats ang 


Locality: Loc. 1 (rare). 


Family Mytilidae 
Genus Crenella BRown 1827. 
Crenella yokoyamai NOMURA 


1922. Crenella divaricata YOKOYAMA, Jour. Coll. Sci., Imp. Univ. Tokyo, Vol. 44, p. 175, 
pl. 15, figs. 10, 11. 
1932. Crenella yokoyamai NOMURA, Sci. Rep. Tohoku Imp. Univ., Vol. 1£, No. 2, p. 74. 


Remarks: The specimen has very rounded outline and irregularly bifurcated 
radial ornamentation. Bifurcation of sculpture is the character common between 
C. yokoyamai and C. nisigotoensis NomMuRA and Hatat. Although the writer could 
not find out the difference between the two species, he tentatively accepts the 
opinion of Nomura and Harai (1936) and regards the above two as different 
species, because he was unable to examine the type specimen of C. misigotoensis. 

Measurements (in mm): Length 2.2, height 2.5, thickness 0.9. 

Locality: Loc. 1 (rare). 


Family Carditidae 
Genus Venericardia LAMARCK 1801. 
Venericardia ferruginea ochiaiensis CHINZEI 
Plate XI, figures 6, 7. 


1958 a. Venericardia ochiaiensis QHINZEI, Venus, Vol. 20, No. 1, pp. 120-125, pl: 7, gs, al 
2, 4, 5, 7-14. 


> 


Remarks: This is a most abundant species among those discovered at the 
studied localities. The writer (1958 a) once recognized it as an independent species 
on the basis of their characters, such as thick shell and 17 to 19 granulated 
strong ribs. ‘However, the strong granulations may be a result of abnormal 
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thickening of shell; accordingly, the differences between V.ferruginea (CLESSIN) 
and ochiaiensis lie merely in the shell outline and the number of ribs. Hence, 
the writer considers that they may belong to the same species ferruginea differing 
only in their subspecific positions. CM 8501—8512. 


Family Lucinidae 
Genus Lucinoma Datt 1901. 


Lucinoma acutilineatum (CONRAD) 


1849. Lucina acutilineata GONRAD, U. S. Expl. Exped., Vol. 10, Geol., p. 725. 

1909. Phacoides acutilineatus, DALL, U. S. Geol. Surv., Prof. Pap., No. 59, pp. 116-117, pl. 
12, he. 6: 

1923. Lucina borealis LINNE, YOKOYAMA, Japan. Jour. Geol. Geogr., Vol. 2, No. 3, p. 57, 
pl. 6, fig. 11. 

1931. Phacoides (Lucinoma) acutilineatus, ETHERINGTON, Univ. Calif. Publ., Geol. Sci., Vol. 
20, No. 4, pp. 76-77, pl. 4, fig. 5. 

1931. Lucina (Myrtea) acutilineata, GRANT and GALE, Mem. San Diego Soc. Nat. Hist., 
Vol. 1, pp. 286-287, pl. 14, figs. 22 a, 22 b. 

1935a. Lucina (Myrtea) acutilineata, NOMURA and HATAI, Saito Ho-on Kai Mus., Res. Bull., 
ING. € Sis (Px 95% Plas 2a HESin Sy As 

1938. Lucina acutilineata, NOMURA, Sci. Rep. Tohoku Imp. Univ., 2 Ser., Vol. 19, No. 2, 
D:, 253; pl. 35, fe. '5. 

1940. Lucina acutilineata, NOMURA and ONISHI, Japan. Jour. Geol. Geogr., Vol. 17, Nos. 3, 
4, p. 182, pl. 17, figs. 9-12. 

1942. Lucina acutilineata, WEAVER, Univ. Wash. Publ. Geol., Vol. 5, pt. 1, pp. 143-144, 
pl. 34, figs. 8, 11, 16. 

1955. Lucinoma acutilineata, ITOIGAWA, Mem. Coll. Sci., Univ. Kyoto, Ser. B, Vol. 22, 
No. 2, ps 129;- pl. G6; fig. 4: 

1958. Lucinoma acutilineata, OZAKI, Bull. Nat. Sci. Mus., Vol. 4, No. 1, p. 125, pl. 18, 
Hes. PS ev pk 21. fie. 3s, pl. 23, sie. 4. 
Remarks: Many well preserved large specimens are found. According to 

K. Oyama’s information, L. acutilineatum now inhabits the lower continental shelf 

of muddy bottom. L. annulatum (REEVE) and L.concentrica (YOKOYAMA) are 

shallow water forms. L. acutilineatum has lower shell than the latter two. CM 

8569—8571. 
Locality: Loc. 1 (common), Loc. 2 and 3 (rare). 


Family Cardiidae 
Genus Clinocardium KEEN 1936. 
Clinocardium iwatense CHINZEI, Nn. sp. 
Plate XI, figures 9, 10. 


Description: Shell rather large, thick, strongly inflated, inequilateral ; obli- 
quely rounded-oval or “‘fan-shaped’’ in outline, with length larger than height. 
Anterior part large, antero-dorsal margin not shouldered, rounded, gently arcuated 
and gradually continues to the ventral margin. Postero-dorsal margin weakly 
curved; ventral margin broadly arched, long, extending to prolonged posterior 
end. Posterior end protruded and forms nearly a right angle. Beak large, 
prominent, situated nearly in the middle or somewhat anterior portion of shell, 
turned inwardly and prosogyrally; ligamental area deeply excavated. Hinge 
thick and strong, having a pair of cyclodont cardinal teeth and long and deep 
lateral teeth. Surface ornamented with 30 to 32, two sided and sharply edged 
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radial ribs, being regularly imbricated by many concentric growth lines, some 
growth periods are well marked on the dorsal half of the shell surface ; rib-inter- 
spaces shallow and rounded, also wrinkled by growth lines. Angle of antero- and 
postero-dorsal margins at the beak about 105° to 110°. Inner margin crenulated. 

Remarks: This new species is characterized by large and thick shell, pro- 
truded posterior end, and sharply edged triangular radial ribs. Fossil and recent 
species of Clinocardium characterized by distinct triangular ribs, reported from 
the adjacent areas of Japan are C. ciliatum (FABRICIUS), C. shinjiense (YOKOYAMA), 
C. uyemurai (KANEHARA), C. yamasakii (MAKIYAMA), and C. chikagawaense KOTAKA. 
The present new species resembles C. ciliatum and C.chikagawaense in many 
respects, but can be discriminated from the latter two by the outline of shell and 
number of radial ribs. Both C. ciliatum and chikagawaense have oval outlines and 
35 or 36 radial ribs. C.chikagawaense KoTaKaA (1950) was reported from the 
Pliocene Hamada formation of the Shimokita Peninsula, Aomori Prefecture. 
The writer could not find out any distinct differences between C. ciliatum and 
chikagawaense, so he considers the latter as a subspecific or merely a synonymous 
form of ciliatum. 

Measurements (in mm): Length 71.8, height 60.5, thickness 33. Holotype, 
CM 8572, Paratype, GM 8573, 8574. 

Locality: Loc. 2 (common). 


Genus Serripes Goutp 1841. 
Serripes sp. cf. notabilis (SOWERBY) 


cf. 1915. Cardium (Serripes) notabilis SOWERBY, Ann. Mag. Nat. Hist., Ser. 8, Vol. 16, 

p.) 169; plalOm figs 9 
cf, 1935a. Serripes notabilis, OTUKA, Trans. Proc. Pal. Soc. Japan, No. 2 (Jour. Geol. Soc. 

Japan, Vol. 42, No. 504), p. 602, pl. 1, figs. 9, 10. 

Remarks: Although the specimen examined is broken, it may be referred 
to S. notabilis, judging from the feature of hinge tooth and surface ornamenta- 
tion. S.makiyamai (YoKoyaMA) (1928), once considered by Oruxa (1935) as a 
synonmym of zotabilis, is a species distinctly different from the latter. CM 8575. 


Family Tellinidae 
Genus Macoma Leacu 1819. 
Macoma calcarea (GMELIN) 
Plate XI, figure 11, text-figure 3-1. 


1791. Tellina calcarea GMELIN, Syst. Nat. ed. 13, Vol. 1, praG se Pp. 3240. 

1791. Tellina lata GMELIN, Ibid., p. 3237. 

1851. Tellina lata, MIDDENDORFF, Sibil. Reise, 2 Bd., Thl. Moll., pp. 257-258, Taf. 23, 
figs. 1-5. 

1871. Tellina calcarea, ROMER, Conch. Cab., Bd. 10, Ab. 4, pp. 222-224, Taf.43, figs. 1-6. 

1867. Tellina calcarea, REEVE, Conch. Icon., Vol. 17, Tellina, pl. 28, fig. 151. 

1909. Macoma calcarea, DALL, U. S. Geol. Surv., Prof. Pap., No. 59, pp. 126-127, pl. 14, 
fig. 8. 

1924a. Macoma calcarea, OLDROYD, Stanf. Univ. Publ., Univ. Ser. Geol. Sci., Vol. 1, Noe 
1, pp. 173-174, pl. 42, fig. 5. 


1931. Macoma calcarea, GRANT and GALE, Mem. San Diego Soc. Nat. Hist., Vol. 1, pp. 
369-370. 
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1934. Macoma calcarea, NIINO, Jour. Geol. Soc. Tokyo, Vol. 41, No. 487, p. 181, pl. 6, 
figs. 17, 18. 

1935. Macoma calcarea, OINOMIKADO and IKEBE, Venus, Vol. 5, No. 1, pp. 14-17, figs. 1-6. 

aie Macoma calcarea, NOMURA, Saito Ho-on Kai Mus., Res. Bull., No. 5, p. 116, pl. 6, 
gs. 5, 6. 

cf. 1939. Macoma praetexta oinomikadoi OTUKA, Jour. Geol. Soc. Japan, Vol. 46, No. 545, 
p. 28, pl. 2, figs. 15-18. 

iar Macoma calcarea, WEAVER, Univ. Wash. Publ. Geol., Vol. 5, Pt. 1, pp. 212-213, pl. 

mo al be 


1958 a Macoma calcarea, HABE, Publ. Akkeshi Mar. Biol. Stat., No.4, p. 18, pl. 1, figs. 
wll. 


Remarks: The specimens at hand are peculiar in shape because of the 
strongly compressed shell, straight antero- and postero-dorsal margin, and the 
beak being situated near the posterior end. The summarized characters of the 
specimens are as follows: shell medium size, thin, much compressed ; left valve 
more convex than the right; posterior end slightly twisted to the right; beak 
situated at the posterior 1/3 of the shell; antero-dorsal margin nearly straight, 
and curving gently towards the ventral margin; postero-dorsal margin almost 
straight or weakly convex; posterior end turns sharply; ventral margin gently 
arcuated sub-parallel to the antero-dorsal margin and continues to a semicircu- 
lar anterior end; growth lines imbricated near the postero-dorsal margin ; pallial 
sinus not large, rounded rhomboidal, with a longer diameter about 2/5 of the 


2 


Figure 3. Internal sculpture of Macoma calcarea (GMELIN) and its allies showing 
the shape of pallial sinus. (natural size) 


1. Macoma calcarea (GMELIN) . . . Pliocene (Kubo formation, present locality) 
2. Macoma praetexta (V. MARTENS) ... Recent (Sagami Bay) 
3. ‘‘Macoma praetexta oinomikadoi OTUKA”’ . . . Pliocene (Hamada formation, 


type specimen). 
4. Macoma incongrua (V. MARTENS)... Recent (Sagami Bay) 
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shell length, and joins the pallial line near the middle portion of the shell. | 

The specimens closely resemble M. calcarea of WEAVER (1942) and of ROMER 
(1871). M.calcarea can be discriminated from M. incongrua (v. MarTENs), M. | 
tokyoensis MaxtyAma, Tellina candida (LAMARCK) by the form of pallial sinus, and 
from M. arctata (ConRAD) by the outline of shell. 

Macoma praetexta oinomikadoi Otuxa (1939), reported from the upper Plio- 
cene Hamada formation of the Shimokita Peninsula, may be referred to calcarea 
considering its shell outline and the feature of pallial impression. 

Measurements (in mm) : 


Specimen Valve | Length Height Thickness | Apical angle 
CM. 8576 (R-L) 44.7 31.6 11.5 120° 
GM. 8577 (R) 19.0 13.6 3.4 1D Ge 
GM. 8578 (R-L) 39:2 28.0 9:2 


Locality: Loc. 2 (rare), Loc. 3 (rare). 


Family Hiatellidae 
Genus Panomya Gray 1857. 
Panomya ampla DALL 
Plate XI, figure 8. 

1898. Panomya ampla DALL, Trans. Wagner Inst. Sci., Vol. 3, p. 833. 
1902. Panomya ampla, DALL, Proc. U. S. Nat. Mus., Vol. 24, p. 560, pl. 40, figs. 3, 4. 
1916. Panomya arktica var. turgida DALL, Proc. U. S. Nat. Mus., Vol. 24, p. 416, pl. 2, 

fig. 1. 
1921. Panomya turgida, DALL, Bull. U. S. Nat. Mus., No. 112, p. 54, pl. 2, fig. 1. 
1924a. Panomya ampla, OLDROYD, Stanf. Univ. Publ. Geol., Vol. 1, No. 1, p. 207, pl. 10, 

fig. 3. 
1924b. Panomya ampla, OLDROYD, Puget Sound Biol. Stat., Vol. 4, pp. 63-64, pl. 6, fig. 3. 
1931. Panomya ampla, GRANT and GALE, Mem. San Diego Soc. Nat. Hist., Vol. 1, pp- 

426-427, pl. 21, figs. 10 a, 10 b. 
1952. Panomya turgida, HABE, Gen. Japan. Shells, No. 3, p. 233, figs. 606, 607. 
1955. Panomya ampla, HABE, Publ. Akkeshi Mar. Biol. Stat., No. 4, p. 21, pl. 5, figs. 3, 4. 

Remarks: As already stated by others, P. ampla and P. turgida may be mere- 
ly intraspecific varieties. The present specimens are probably identical with P. 
ampla described by Grant and Gate (1931), and also closely resemble P. turgida 
of Dati (1916). This species is common in cold waters of Northeast Japan, 
especially in the Pacific side. Panomya contained in the Miocene deposits of 
Northeast Japan is known as P. simotomensis OruKa, and the present localities 
may be the lowest horizon of P. ampla. 


Measurements (in mm) : 
a 


Specimen Length Height (co map ve) 
CM. 8580 76.1 ca. 52 ca. 32 
CM. 8581 ca. 91 Cas 15 ca. 37 
CM. 8582 ? ca: 36 can 21 


Locality : Loc. 1 (common), Loc. 2 (rare). 
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Family Pandoridae 
Genus Pandora CHEMNITZ 1795. 
‘*‘Pandora’’ sp., cf. pulchella YOKOYAMA 


cf. 1926 b. Pandora pulchella YOKOYAMA, Jour. Fac. Sci. Imp. Univ. Tokyo, Vol. 1, pt. 9, 
p- 381, pl. 45, fig. 4. 

cf. 1931. Pandora pulchella, KURODA in HOMMA, Geology of Middle Shinano, Spec. Stud., 
p. 44, pl. 4, fig. 19. 

cf. 1936. Pandora pulchella, OTUKA, Trans. Proc. Pal. Soc. Japan, No. 4 (Jour. Geol. Soc. 
Japan, Vol. 43, No. 516), p. 732, pl.42, fig. 10. 

cf. 1958 b. Heteroclidus pulchellus, HABE, Publ. Seto Mar. Biol. Labor., Vol. 6, No. 8, p. 
273, pl. 8, fig. 26. fi 
Remarks: The present form resembles Pandora pulchella, but differs from 

the typical pulchella in less concave postero-dorsal margin. However, because of 

poor preservation of the specimens, the specific position cannot be determined 

precisely. CM 8584. 


Locality: Loc. 1 (common), Loc. 2 (rare), Loc. 3 (rare). 
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Explanation of Plate IX 


1-5. Swavodrillia oyamai GHINZEI, n. sp...... 


ta oiu. al dvo'ate’e/ al siotalete\aa (wis ain biv(e/Ainip cis’ wialelelaahte\aisisis\a\olea)yis 4/558 p- 


Figs. 1-3. Holotype (GM 8537), x2, Loc. 1. 
Figs. 4,5. Paratype (GM 8538), x3, Loc. 1. 


6-9. Antiplanes (Rectiplanes) sadoensis (YOKOYAMA) ........0c:scccecseece eee eeceeee eee eees p. 


Figs. 6, 7. (GM 8540), x1.5, Loc. 1. 
Figs. 8,9. (CGM 8541), x1.5, Loc. 1. 


1OP 11S Macrone nipponensisiG@HiNZE 1) ys Diageen cz. wlan deste -ae reel tebe ten es one p. 


Holotype (GM 8534), x1, Loc. 2. 


12,13. Neptunea otukai GQHINZEI, n. sp. ..... 


Holotype (GM 8531), 1, Loc. 1. 


LALO tel TF OPRONG PSUS) Speen assets. sneree ce maar 


(GM 8530), x3, Loc. 2. 


LO slit, Ee ropebelaasp: name. e aetna 


(QM 8546), x3, Loc. 1. 


18-22. Coraeophos meisensis ninohensis GHINZEI n. subsp. ........0..0ceccceceeeeeecereeees p- 


GPa elds e td AUR ow RAEN: Rajan GME p- 


SOS sR. OR. LARS. DOTS rene p- 


SSIS SS A Re se, ecb acess p- 


Figs. 18-20. Holotype (QM 8532), 1.5, Loc. 1. 
Figs. 21,22. Paratype (GM 8533), x1.5, Loc. 1. 


23-25. Propebela cf. nakamurai (ONOYAMA) 
(GM 8543), x3, Loc. 1. 
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Explanation of Plate X 


1-4.) Aluania awa GQHINZELy Mgispiisie: shies tse asa skh ds te plete Me tes ON Beratp leet ets «arses p- 109 
Figs. 1,2. Holotype (GM 8513), x13, Loc. 1. 
Figs. 3,4. Paratype (GM 8514), x13, Loc. 1. 

5=7.: 5 Admete laschket \(Y, OR OV-ANGA) ted. setae eeeaielsceieso taceedet ae coy Serene eee ene tiaase teeters p- 116 
Figs. 5,6. (GM 8535), x3, Loc. 2. 
Fig. 7. (GM 8536), x3, Loc. 3. 

8. Natica QectonGHca) i7ussa AGO UO ee nn arco a encisdelestes de esaen rae eaanctas teotpa meee eee p- 110 
(GM. 8526), 1.5, Loc. 2. 

95:10;. -Menesthosmomturat: GEIUNZEN, ies pete ta ccttoatatc ste dencesesecemeunecninsaceneneecec eam p. 121 
Holotype (GM 8556), 13.4, Loc. 2. 

11,:12.. Trophonopsis aff. beringi (DALL) ‘.sicc.tsscescsstecvsetecacesncenes deseicpeeate aes p. lll 
(GM 8529), x3, Loc. 1. 

13... Epitonium (Boreoscala) cf. echigonum KANEHARA ........1.ccceeeceeeceeeeeteceeeeeeuees p. 110 
(GM. 8524), x2, Loc. 1. 

14°" Durriteiia (Nechaustator) mipponica YOKOYAMA ...ssacccesscrsveece accents eee p- 110 
(GM 8521), 1.5, Loc. 2. 

15, 16: Lropetelacct. turricula (NIONBAGUB) asco canon soca ee eee eee eee eee p. 119 
(GM 8545), x3, Loc. 1. 

17,185 -Propebela cis kurodav. (ONOWAMA)) aus, ccsescaacae seo ae er eee eee eee tee p. 119 
(CGM. 8544), x3, Loc. 1. 

195 20:, Mohnia: Sows teasaccs ssosuclee wens ceincaeecateede me Mudenne eaoe. ts ene ete p. 116 
(GM 8547), x3, Loc. 1. 

215-225 Menestho izeatensis GHINZET, te Spa secugaeensere- otccsavenees cts Renee eee pe 121 
Holotype (GM 8555), x13, Loc. 2. 

23=25;. Vlenesthosarait (OTURA)  Jsrek.ch eee era Ree eee p. 120 


Fig. 23. (GM 8550), X13, Loc. 1. 
Figs. 24, 25. (CGM 8549), x13, Loc. 1. 
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Plate XI 


Explanation of Plate XI 


Figs. 1-3, “Nucinella (Husleyia) ochiatensis GHINZEI, 1. Sp. ......0...cceeceececeeee ere eeeeeese tens pal23 
: Figs. 1,2. Holotype (GM 8566), left valve, 13.4, Loc. 1. 
- Fig.3.. Paratype (GM 8567), right valve, «13.5, Loc. 1. 


Figs. 4, 5: « Odostomia (Evalea) ch aleutica DALL and BARTSCH............:0:ceeeeeeeeeeeneetes pil 22 
(GM.'8557), “13.5, Loc. I: 

Figs. 6, 7. Venericardia ferruginea OGRIGICHSTS: CRIUNZIETS. «&....capic senses osetia stent ce tanernee near eet p. 124 
Holotype (GM 8501), right valve, x2, Loc. 1. 

Bis, §8)., Panomyawmipla VALE, 2 ....n5st tags apaeR sete ied 0 Teeeter cease rect dees perce eee eee p- 128 
(CM 8580), right valve, x1, Loc. 2. 

Biss..95 10) Chnocardum twatence GHINZEY, Mkt Spa inated sehee pene hea eee eee ee ps 125 


Fig. 9. Holotype (CGM 8572), right valve, x1, Loc. 2. 
Fig. 10. Paratype, (GM 8573), left valve, showing the hinge, <1; Loc. 2. 


Bie. ll. Macomatcalearea |(GNIELIN HF its .c-.0 ne «aancrs ie teen a3 thee senee ac em ies cadceate ene eee p. 126 
\ (GM 8576), right valve, x1, Loc. 2. 
Bigs, 12-15! Clyeymeris derelictas@Y OKO YANIA)) meee saree eee oe clenee See tease eae neee eee ps 122 


Fig. 12. (GM 8559) left valve, x1, Loc. :L. 

Fig. 13. (GM 8558) right valve, x2, Loc. 1, showing the hinge and opisthogyral 
beak. : : 

Fig. 14. Left valve of figs. 13, 15 specimen, x1. 


Fig. 15. The same specimen of fig. 13. x1: 
(Figs: 1-5 photo by UEKI) 


a) tee 4 


ray, 0 es a | 


II, Vol 


. tokyo, Sec, 


1V 


. 


Un 


SCi. 


Jour. Fac. 


y way ¥ . " 


YAW AOLMY 
sR 


‘ 
Ae : 
nee oe 


wae 


toe NG: 


JOURNAL OF THE FACULTY OF SCIENCE 
UNIVERSITY OF TOKYO 


SECTION I. MATHEMATICS, ASTRONOMY, PHYSICS, CHEMISTRY 


Vols. I, 1, UI, IV, V, VI, VII.Completed. 
Vol. VIII, Part 1. 


SECTION Ii. GEOLOGY, MINERALOGY, GEOGRAPHY, GEOPHYSICS 
Vols. I, Il, WI, 'V, V, VI, VII, VIII, 1X, X. Completed. ~~ 


Vol. XI, 


Vol, a 


Vol. XI, 


Vol. XI, 


Part I. (December 20, 1957). se ‘ 
T. KOBAYASHI, Notes on: Two Devonian Trilobites ‘from the Kitakami 
Mountains in Japan........ VauysOnanarewineesLunyeayaenep sone: eoual soiginraa sp raeereen> sacs 1 


T, HANAI, Studies on the Ostracoda from Japan. IIL. Subfamilies Gythe- 
rurinae G. W. MULLER (emend. SARS: 1925) and Gytheroptermae n. 
PIPDLAINs praca caine narenie suet lic pies Cet Siee Nati a gnc Sued memes tai ceerame ess sasec os oesE Dam NeTnae mot 

N. Nasu and Y. SATO, Particle Size Distribution of the Obitsu Delta = 
(The Occurrence of the Steep Marginal Slope of a Small scales Delta)... 37 

A. MTYASHIRO, The sete Optics and Genesis of one ‘Alkali-Amphi- 
POLES ea ccs emer Oats Sia as a TAS aaa LS MEMS MTS a AG EE me eS 57 

Part 2. (November 30, 1958). 


T. KOBAYASHI, Some Ordovician Gastropods from the. Mun’gydng or 
Bunkei District, South Korea (The Gambro-Ordovician Formations and 


Paunas/ of South-Korea;: Part? Vac vsccsoee assumes ss See ae eee re ne 85 
T.HHAMADA, Japanese Halysitidae: ‘csc. 6.c) ois Arnett ean ces ee 91 
J. HAYAMI, Taxonomic Notes on Cardinia with Dowtipion of a New 

Species: fromthe: Lias* of Western Japan. ii iiyises desc cpesdtecsessssecser ges essie se 115 
F. SHIDO, Plutonic: and Metamorphic Rocks of the Nakoso nut Tritono 

Districts in the Gentral Abukuma Plateau .......... 6... cece ccc ccnceseevcnew eens 131 
A. MIYASHIRO, Regional Metamorphism of the Gosaisyo-Takanuki District 

in, the Gentral “Abukumia Plateau oS Arita idiccrs.csoncs og uns ease tee cats 219 

Part 3. (February 28, 1959). es 
T. HAMADA, Corallum Growth of the Halysitidae .......... eae rau eee a one 273 
T. HANAI, Studies on the Ostracoda from Japan. IV. Family Cytheridei- 

Cae SARS O25 aaa resco cep aapeae pone acemeonpiaa a aac Masuah osenre escapees as 22! 
K. KANEHIRA, Geology and Ore Deposits of the Chihara Mine, Ehime 
Be PECECEUTES [APA coe sl cena se hp Mesaen cpeicious smectite: fie aul ged mead mwas oes 309 


‘Part 4. (December 10, 1959). 


A. IEjIMA, On Relationship between the Provenances aud Depositional 
“Basins, Considered from the Heavy Mineral Associations of the Upper 
Cretaceous and Tertiary Formations in Central and Southeastern Hokkai- 


Mos MADAM Gere see: Seachem ema senna iteor ew. te aner eres cena nureauses eyes unas 339 
T. KOBAYASHI, On Some Ordovician Fossil. from Northern Malaya and 

Hon SN jacenCe cu... woot see san pcan wet sagiabes eyes oecauveauaceMinrentoen seu mien centage 387 
T. HANAT, Studies on the Ostracoda from Japan. V. Sabfantly Cytherinae, 
ANA LOOD COMET) cfoccdncspiee ures seeawaeetus BS SARS PPS Raat ae E  aeeS Cot ie 409 
T. HANAI, Studies on the Ostracoda from Japan. alee Review with 

Bibliographic Index of Japanese Ostracoda ............ccesseecsecesesecsteecperedees 419° 


K. KONISHI, Notes on Some Japanese Permian and oes Algae and | 
thier Stratigraphic Setting. (Studies on the Paleozoic Algae of Japan, 4) 441 


SECTION Ill. BOTANY 


Re Vols..d5. Ty? Pash V V5 Es "Completed. 
Vol. VII, Parts 1-8. 


Vol. 


Vol. 
Vol. 


SECTION Iv. ZOOLOGY 


I, I, Ill, IV, V, VI, VIL. Gompleted. 
VIII, Parts 1-3. 


I. 


Completed. 


SECTION V. ANTHROPOLOGY 


Il, Part 1. 


